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The previously presented theory that, in countercurrent 
electromigration of molten common anion binary mixtures, 
the lighter isotope of the less mobile cation should anoma­
lously enrich in a zone next to the anode, has been substan­
tiated for the K isotopes in molten (Li, K)N03.

Until Lunden and Ljubimov's discovery of 'non- 
ideal behaviour" some twenty years ago [1,2], it had 
generally been believed that, in countercurrent elec­
tromigration of pure or mixture melts with an initially 
uniform distribution along a separation tube, the 
lighter and heavier isotopes of the cation enrich only 
at the cathode and anode, respectively. They discov­
ered in countercurrent electromigration of molten 
(Li, K)(SO4)0 5 that on the anode side of the separa­
tion tube the gradient of 41K/39K is slightly positive 
before it becomes zero.

In a previous paper [3] we have argued that in elec­
tromigration of molten systems consisting of two ca­
tions A and B and a common anion, enrichment of the 
lighter isotope of the less mobile cation B should oc­
cur in the region where dcB/dz < 0, where cB is con­
centration of B, and z is the distance taken from the 
anode towards the cathode. For more general cases, 
including temperature gradients, the reasons for such 
changes in composition in countercurrent electromi­
gration have been discussed by Klemm and Lunden 
[4] with essentially the same conclusion for the above 
mentioned case.

Our argument was experimentally substantiated by 
enrichment of 6Li in the range where dcLj/dz < 0 in 
electromigration of molten binary mixtures (Li, K)C1 
and (Li, K )N 03; the condition dcLi/dz < 0 was real­
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ized, if the Li+ ions were less mobile than the K + ions. 
In case where at low temperature the K + ions were 
less mobile, however, enrichment of 39K was not 
clearly detected (see Table 2 in [3]). This is presumably 
because the precision of the used mass spectrometer 
was not good enough.

Thus, the purpose of the present work is to substan­
tiate our theoretical equations in [3] by showing ex­
perimentally that an anomalous enrichment of 39K 
actually occurs at the place where dcK/dz < 0; in the 
present work we have used a mass spectrometer with 
much better accuracy and precision.

(Li, K )N 03 of the eutectic composition (mole frac­
tion of LiN03, xLi = 0.58) was chosen. Since bu > bK 
below ca. 520 K [5], at lower temperatures K + ions are 
expected to enrich with respect to Li+ ions on the 
anode side in a separation tube, and there the condi­
tion of dcK/dz < 0 (and therefore d.xK/dz < 0) being 
realized, 39K should enrich in this region. Thus, elec- 
tromigrations were performed at 450 K. The experi­
mental procedures were similar to those in the pre­
vious study [5], The separation tube was inserted into 
a large vessel containing catholytes of a mixture of 
(Li, K )N 03 of the eutectic composition + NH4N 0 3 
(about 50mol% of the total mixture); since the tem­
perature of the electromigration was relatively low, 
NH4N 0 3 could be used as one of the catholytes serv­
ing also as a heat bath for the separation tube. Alumi­
na powder of 100-150 pm was used as diaphragm. 
The diaphragm part was ca. 4 mm in diameter and 
ca. 20 cm in length. After electromigration the separa­
tion tube was cut into several pieces for the chemical 
and isotope analyses. The quantities of Li*, K + and 
NH4 ions in each fraction were measured with an ion 
chromatographic analyser (IC 500S made by Yoko- 
gawa Electric Co. Ltd., Tokyo). A Varian MAT 261 
mass spectrometer was used for the measurement of 
the isotope ratios 7Li/6Li and 41K/39K. The repro­
ducibility of the isotope ratio measurements was near­
ly within the experimental errors of each measure­
ment.

The main experimental conditions and the results 
are given in Table 1. The fractions are numbered from 
the top (anode side) to the bottom of the separa­
tion tube. The ec values defined as £c = (bLi — bK)/ 
b(b = xLi bLi + .xK bK) are in good agreement with the 
previously obtained ones (the extrapolated value of sc 
was ca. 0.080 [5]).
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Table 1. The main experimental conditions a_nd the results, x^: initial concentration of LiN03, Q: transported charge, t: 
duration of electromigration. ĉ = (bLi — b^)/b, eLi = (bf, — b7)/bLi, £K = (b39 — b41)/bK (b6, b7, bi9 and fc41 are the internal 
mobilities of 6Li + , Li + , 39K  ̂ and 41 ions, respectively).
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Exp. No. T/K Q/C r/hr ec eLi eK

1 450 0.414 6649 37.6 0.0882±0.0007 0.0074 + 0.0001 0.0010±0.0001
2 450 0.414 6092 38.8 0.0778 + 0.0008 0.0061 +0.0001 0.0007 + 0.0002
3 450 0.414 6618 32.4 0.0866 + 0.0008 0.0079 + 0.0001 0.0010 + 0.0002

Table 2. The distribution of the isotopes and the cations after electromigration (Exp. No. 3). Initial values: x°j = 0.414 + 0.001, 
7Li/6Li = 12.166 + 0.029, 41K/39K = 0.07172 + 0.00012. The total length of the diaphragm part was 22.2 cm. The values from 
Fr. Nos. 9 to 14 are not given here, in which NH4 ions were also contained.

Fr. No. Length/mm NLi/mmol iVk-/'mmol 7Li/6Li lK/39K

1 _ 0.240 + 0.002 0.857 + 0.009 0.219 + 0.007 15.326 + 0.099 0.07423 + 0.00014
2 14 0.079 + 0.001 0.697 + 0.007 0.102 + 0.008 17.738 + 0.014 0.07272 + 0.00013
3 16 0.085 + 0.001 1.157 + 0.012 0.068 + 0.009 16.073 + 0.082 0.07192 + 0.00012
4 16 0.185 + 0.002 1.214 + 0.012 0.132 + 0.008 14.942 + 0.067 0.07141 +0.00012
5 16 0.419 + 0.004 0.944 + 0.009 0.307 + 0.005 13.886 + 0.033 0.07156 + 0.00006
6 16 0.535 + 0.005 0.803 + 0.008 0.400 + 0.004 12.911+0.014 0.07165 + 0.00009
7 16 0.533 + 0.005 0.741 +0.007 0.418 + 0.004 12.472 + 0.014 0.07185 + 0.00008
8 16 0.588 + 0.006 0.840 + 0.008 0.412 + 0.004 12.309 + 0.010 0.07180 + 0.00007

In all the runs anomalous enrichment of 39K has 
been observed. As an example, distributions of the 
cations and the isotope ratios in one experiment are 
given in Table 2. Around the region corresponding to 
Fr. Nos. 4 and 5, it can be assumed that d.xK/dz < 0 
during most of electromigration, and thereby 39K was 
anomalously enriched. In Fr. No. 4 39K was enriched 
by ca. 4.5% with reference to the initial salt, which is 
distinctively above the limit of the errors of the used 
mass spectrometer. Even if in Fr. No. 3d.xK/dr may 
have been negative during most of electromigration, 
the 39K enriched there may have been overcompen-
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sated by 41K enriched at the anode and diffusing into 
this region.

Similar distributions have been found in the other 
two runs.

Thus, as previously predicted by the equations and 
the numerical calculations based on them, this kind of 
anomaly generally occurs for the isotopes of the less 
mobile cation in countercurrent electromigration of a 
common anion binary mixture. It was probably 
ascribable to the insufficient precision of the mass 
spectrometer that in the previous study [3] the anoma­
ly of the K isotopes could not apparently be detected.
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