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SEPARATION OF LANTHANOIDS WITH TETRAETHYLENE GLYCOL
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The yield of the solid complex of tetraethylene glycol (E0O4)
with a lanthanoid(Ln) nitrate decreases with increasing atomic
number of Ln, and is greatly affected by H20 present in the
solution. The separation factors of EO4 are comparable to those of

the separating reagents practically used.

The formation of the complexes of noncyclic poly(oxyethylene) derivatives

with several metal salts has been reported.l_4) Some noncyclic polyethers form

crystalline complexes with lanthanoid nitrates, and the yields of the complexes
vary with the atomic numbers of the lanthanoids.s) This fact suggests a new
lanthanoid separation method using the polyethers. This letter describes the
separation of individual lanthanoids by fractional crystallization with
tetraethylene glycol.

An ethyl acetate solution of a hydrated lanthanoid nitrate (or two different
lanthanoid nitrates) was mixed with an equal volume of ethyl acetate solution of
tetraethylene glycol. The concentration of water in the mixed solution was
adjusted by dehydration or addition of water. The mixed solution was shaken at
25.0+0.1°C for two hours. The complex deposited was separated by filtration.

The yield of the solid coplex(Y) was calculated by the equation, Y==(Ln)s/[(Ln)s
+ (Ln)l] X100, and the separation factor(S), by the equation, sLnl,LnZ =
(Lnl/LnZ)S/(Lnl/an)l, where the subscripts s and 1 denote the solid complex
deposited and the solution, respectively, (Ln) and (Lnl/Ln2) being the amount of
the lanthanoid and the molar ratio of the two lanthanoids in each phase,
respectively.

The composition of the complex deposited is Ln(N03)3-EO4 as was reported in

our previous paper,s) where EO4 denotes tetraethylene glycol, HO(CHZCH20)4H.

Figure 1 indicates that the yield of the solid complex generally decreases
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as the atomic number of the lanthanoid increases, except in the anhydrous systems,
where a minimum one is observed at Tb. The yields are higher than 90% for all the
lanthanoids in the anhydrous systems. For La-Nd, the yields remain nearly
constant (>95%) over the range of the concentration of water investigated(0-0.5M),
however, for heavier lanthanoids, decrease with increasing HZO concentration.

The values obtained for some heavier lanthanoids(Tb-Lu) are decreased till to 0%,
that is, no solid complexes of the lanthanoids are deposited within two hours,
when HZO concentration is increased to 0.25M or higher. These results indicate
that water inhibits the formation of the solid complexes and that the effect of
water is more serious for heavier lanthanoids. The yields are nearly equal for
La, Ce, Pr, and Nd, whereas for heavier lanthanoids, those are significantly
decreased with the atomic number when H,O concentration is 0.25M (corresponding

2

to that of a 0.05M solution of Ln(NO -5H20).

303
Figure 2 shows the variation of the yields with the ratio of EO4 to Ln. The

values increase quasi-linearly with the increase of EO4 till the ratio, EO0O4/Ln,

reaches unity, and then increase only little (for La-Sm) or even decrease (for Eu

and Gd) with the increase of EO4 when the ratio is larger than unity. These

results are consistent with the fact that only the 1l:1 complexes can be formed.
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Fig. 1. The variation of the yield of the solid complex with the atomic
number of the lanthanoid. ‘Initial concentrations: Ln(NO3)3, 0.05M;

EO4, 0.05M.
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When EO4/Ln was 4.0, the yields reached 89.8% and 75.6% for Eu and G4,
respectively, after three days, though no solid comlexes were deposited within
two hours. This fact suggests that the presence of excess E04 rather slows down
formation of the solid complexes than decreases the yields at equilibrium. The
effect of excess EO4 was not investigated in further detail.

The separation factors were determined for several bi-lanthanoid systems in
order to evaluate the separation of lanthanoids with tetraethylene glycol. The
values obtained here for the adjacent pairs (except for the Nd-Sm one) are given

in Table 1 together with those reported for the systems with EDTA6) 7

and D2EHPA
(ethylenediaminetetraacetic acid and bis(2-ethylhexyl) hydrogenphosphate). The
initial concentrations of the reactants are as follows: [Lnl] = [Ln2] = [EO4] =
0.025M; [H20]==0.25M. The reaction time is 2 hours.

The separation factors observed here were smaller for the La-Ce and Ce-Pr
pairs and larger for the Nd-Sm, Sm-Eu, and Eu-Gd ones than those of the other two
systems. This result corresponds to the variation of the yield of the solid
complex with the atomic number described earlier. No reliable data were obtained
for the GA-Tb pair, for which a high separation factor had been expected, since
the amount of the deposit was too little. The separation factors of EO4 were,

on the whole, comparable to those of D2EHPA and EDTA. This fact demonstrates

that EO4 is a promissing reagent for lanthanoid separation. Separation of
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Fig. 2. The variation of the yields of the solid complexes with
the ratio EO4/Ln. 1Initial concn. of Ln(NO3)3: 0.05M,

Concn. of H20 : 0.25M.
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Table 1. Separation factors for several bi-lanthanoid systems

Separation factors for the pairs

Reagent La-Ce Ce-Pr Pr-Nd Nd-Sm Sm-Eu Eu-Gd
E04®) 1.7 1.4 2.0 5.5 2.9 2.0
D2EHPAP) 2.4 2.8 1.7 5.0 2.2 1.6
EDTAC) 4.7 2.3 2.0 3.1 1.4 1.02

a) See text. b) Ref. 6). <c) Ref. 7).

lanthanoids with EO4 is considered to result from the difference of the stability
and/or solubility of the lanthanoid-EO4 complexes. The investigation on the

stability and solubility is now in progress.
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