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EleGtrOphOretiG separation of some actinide and lanthanide elements” 

Up to now, the data on the electrophoretic separation of lanthanide elements 
is rather scarcer, a. Therefore we have studied the potentialities of this method for 
separation between actinide and lanthanide elements. The study of the actinide 
elements was restricted to americium and curium, since, of the transplutonium 
elements, these two are the most difficult to separate by ion exchange techniques. 

The e1ectrophoresi.s apparatus was obtained from the Locarte company3. In this 
apparatus, z cm wide strips of Whatman 3 MM paper are sandwiched between two 
polished aluminium plates, 78 cm long. To provide electrical insulation, polythene 
sheets are placed between the paper strips and the metal plates. The metal plates are 
pressed together with a pressure of 6 p.s.i. and are cooled by the circulation of 
water through the plates. In our set-up the circulating water is cooled by a separate 
refrigerator, The ends of the paper strips are tapered to form wicks and dip in the 
electrode cells. A voltage, up to a maximum of 10,000 V, can be applied over the 
paper strips. 

In our experiments, all the elements studied were radioactive and were used in 
tracer concentration, They were americium-241, curium-zqrt, cerium-144, europium- 
152 + 154, gadolinium-153, terbium-160 and thulium-170. The p- and y-emitting 
lantbanides were measured with a Geiger-Mtiller tube or with a NaI(Tl)-crystal. The 
CC- and y-emitting actinides were counted with a proportional counter or a scintillation 
counter. In many cases a 4oo-channel y-ray spectrometer was, used to check the 
separation. 

After completion of the electrophoresis, the paper strips were cut into sections 
of 0.5 cm, which were counted for relative activities with the appropriate counter. 
Reproducibility of the measurements was quite satisfactory. 

Various complexing agents in different concentrations were used in the experi- 
ments. In addition the solutions usually contained a buffer substance for stabilizing 
the acidity of the solution. 

ResaclEs 
a-Hy@?ro.?cyisobzctyric acid as GE co~$Zexz’~zg age&. As this acid has often been used 

as a complexing agent in the separation of the lanthanides or the transplutonium 
elements on cation-exchange columns4, it was also used in our first electrophoresis 
experiments. For these experiments we chose americium and europium, since these 
two elements occupy corresponding places *in the actinide and lanthanide series, 
respectively. 

The best separation was obtained at pW = 3.2 using a concentration of 0.05 M 
of the complexing agent (0.046 M of the acid and 0.004 M of its ammonium salt; no 
other buffer was added to the solution). The voltage over the paper strip was g kV, 
current 6 mA, and was applied for I, 2, 3 and 4 11, respectively. 

The results are given in Table I, which lists the relative concentrations of the 
z:’ radioactive tracers in each section of paper in counts per minute. Both elements move 

* This’worlc was carried out within the framework of the Euratom Transplutonium l?rogram 
under contract 005~GI-I I TPUN. 
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TABLE I 

MIGRATION DISTANCES OF AMERICIUM AND EUROPIUM IN O.O4G~0!-HYDROXYISOl3UTYRIC ACID AND 
0.0041'OFITS AMMONIUM SALT (PH = 3.2) AT I, 2, 3 AND 4 HOURS, RESPECTIVELY 

Voltage 91cV; current GmA.Thc concentrations arcgivenin counts/min of the radioactive tracers. 
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to the cathode, europium somewhat faster than americium, with the result that a 
complete separation between these two elements is possible. 

Experiments were carried out on a mixture of americium and curium and the 
same complexing agent. No pH value was found, however, where a separation was 
obtained, But, under the same experimental conditions as those described above, a 
complete separation between americium or curium and the lanthanides studied was 
obtained. Fig. I shows the results of a 3 h electrophoresis, the applied voltage again 
being CJ kV, the current amounting to 6-S mA. The lanthanides move to the cathode 
faster than americium and curium. 

EDNA as u cowzj?&xing aged. Since no separation between americium an.d 
curium could be obtained with or-hydroxyisobutyric acid, we decided to look into the 
possibilities offered by EDTA (ethylenediaminetetraacetic acid), which was found by 
FUGER~~~ to give, in ion exchange experiments, separations superior to those so far 
obtained ,with a-hydroxyisobutyric acid or other organic hydroxy acids. 

It did not appear to be possible to perform the separation with EDTA, without 
adding a buffer to the solution. The reason for this is, that during electrophoresis a 
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change in the acidity of the solution in the electrode cells occurs which causes an 
acidity-gradient over the paper strip and, as was found in the experiments to be 

jti described here, the behaviour of both americium and curium changes from cationic to 
*’ anionic in a very small pH range. Therefore the acidity of the solution has to be fixed 

Start 
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Fig. I. Electrophoresis of americium and different lanthanicles in a 0.05 M a-hydroxyisobutyric 
acid solution, pI_I 3.2. 

very accurately. FUGER, in his ion exchange experiments, found that glycine stabilizes 
the acidity very well. It has not yet been possible to fix the pH so accurately that 
either americium or curium is at its iso-electric point and therefore does not migrate in 
the electrical field. 

, 

. . An O.OOL iW solution of EDTA was prepared, containing 0.1 AL? glycine. The pH 
was adjusted to 1.6 by the addition of perchloric acid. A potential of 3000 V was 
applied over the paper strip (approximately 38 V/cm) for 4 h, causing a current 
tvough the. paper of 30 mA. Both americium and curium move to the cathode, 
americium somewhat faster than curium (see Fig. 2). A separation of the peaks of 
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Fig, 2. Electrophoretic separation between americium and curium in a solution containing 0.001 M 
EDTA as complcxing agent and o. I M glycine as buffer. Voltage 3 kV; current 30 mA; duration 4 h, 
pH = I .G obtained by the sclclition of perchloric acid. 

~w.sLi, 

‘~;lk;,.> ,,, americium and curium is obtained. At higher PI-I values both americium and curium 
move to the anode and no separation between the elements is obtained. This begins to 
occur at pH 1.7. 
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At pH 1.6 not only is a separation between americium and curium obtained, 
but also between these elements and the lanthanides studied, as is shown in Fig. 3 
(the curium peak is not plotted in this figure, but would be to the left of the americium 
peak as in Fig. 2). The duration of the electrophoresis was 2.5 h and in this case an 

Tb Eu Gd Ce 
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Fig. 3. Electrophorctic separation between americium and different lanthanides. Duration 2.5 h; 
other conditions as in Fig. 2. 

americium fraction was obtained, completely separated from the lanthanides. The 
same result was also obtained at higher pEI values. As an example, Fig. 4 gives the 
result obtained at pH g (after the addition of sodium hydroxide to the solution), where 
all metal ions present move to the anode. In this last case, the potential applied over 
the paper was also 3000 V, giving a current through the strip of 4 mh. The duration 

Anode 

Fig. 4, Elcctrophoretic separation between americium and different lanthanides. The solution 
contained 0.001 M EDTA as complexing agent and 0.1 M glycine as buffer. Voltage 3 W; current 
4 mA; duration 2.5 h. pN = g obtained by the addition of sodium hydroxide to the solution. 
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of electrophoresis was 2.5 h. Here, as in the acid solution, americium could be separat- 
ed from the lanthanides present, the difference being that now the elements move to 
the anode. 
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Quantitative analysis of lithium, potassium and caesium chlorides by paper 
chromatography and flame spectrophotametry 

Paper chromatography of alkali metal ions has been the subject of much re- 
search involving work on inorganicr-2” as well as organic salts’s r2~27--32. We do not, 
however, consider that a suffkiently simple method, giving separation of the cations 
in reasonable quantities (ca. 6 mg) for their individual determination, has so far been 
reported in the literature. We have therefore here examined the paper chromato- 
graphy of lithium, potassium and caesium chlorides, in order to determine the most 
suitable experimental conditions for quantitative evaluation of the results. This was 
attained by using two different eluants and applying first the descending method and 
then the ascending method on the same chromatogram. The first eluant, consisting 
of butyl alcohol (I), has the advantage of separating lithium alone, while the second 
eluant, consisting of a mixture of, hydrochloric acid, methanol and butanol (II), 
permits the separation of caesium from potassium. Lithium must be removed first 
from the chromatogram, as this cation eluted with (II) would contaminate both 
Cs+ ,and K+. 

After separation, the cations extracted from the strip are individually de- 
RbFA,~, termined quantitatively by means of flame spectrophotometry. 
->, ““‘?_: ,,, In order also to obtain data on the behaviour of sodium and rubidium chlorides, 

the possibility of separating these two cations by the eluants (I) and (II) was examined. 
It was observed, however, that Na+ in the amounts considered here (IO-IS mg) shows. 
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