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SUMMARY

The electromigration of uranium (VI) using paper as carrier and its chromato-
graphic behaviour in hydrochloric acid (0.5-5 M) and metal chloride solutions con-
taining varying amounts of ethanol or acetone is reported. The influence of the con-
centration of the ligands, as well as that of the organic solvents on the complex for-
mation, and the significance of the solvation state of the uranyl species, as well as the
nfluence of the potential gradient applied, are discussed.

INTRODUCTION

The first report on electromigration in uranyl chloride solutions was given by
DitTrICH!, who found that uranium(VI) moved to the cathode. BACHELET ¢! al.2
observed cationic motion of uranium (VI) in mixtures of HCl and NaCl of high con-
centration applying potential gradients of 5—-50 V/cm. Cationic migration was ob-
served in 0.1 M solutions of HCI, KCl and NH,Cl by MUKERJEE® and in o.1 M HCIl
by MOjJUMDAR?.

This paper describes an investigation on the electromigration of uranium (VI)
in hydrochloric acid and metal chloride solutions containing ethanol or acetone,
dependent on the ligand concentration and on the content of the organic solvent of
the solution, as well as on the voltage applied. The purpose of these electrophoresis
studies was to obtain information about the complex formation in chloride solutions
containing organic solvents. The investigation on the paper chromatographic be-
haviour of uranium (VI) in these systems should complete the studies.

EXPERIMENTAL

Whatman No. 3 paper and Schleicher & Schiill 2043b Mgl were used as carriers.

Solutions of uranium (VI) were prepared from UO,(NO;),-6H,O (Riedel de
Haén A.G., Secelze b. Hannover) by repeated evaporation with conc. HCl. The
chloride concentration of these solutions containing uranium (5 mg/ml) was, in each
case, as high as that of the electrolyte system studied.
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) The tech.mque of electrophore51s and chromatography used has been reported
1n a prevxous paper®.. ‘The’ ‘electropherograms and chromatograms were dried at
130 ."As the details of the determination of the mean migration distance and of the
possablhtles of quantltatwe interpretation of the data, as well as the widest range of
voltage that can be. apphed have already been dlscussed5 no further description will
be glven here. :

Each system was 1nvest1gated in the w1dest range of voltage possible.

"'RESULTS AND DISCUSSION

Solzmcms contammg ethanol _

i If the distance of mlgratron, d, is plotted agamst the period of electrophoresis,
f-t .the resultmg stralght line indicates that the composition of the solution is constant
' durmg the electrophoresis. This is the case during the first 20 min in chloride systems
) contammg ethanol. After longer perlods the evapora.tmn of ethanol results in changes
‘of the complex formatlon, and hence in a flexure in the curve; whereas in aqueous
_solutlons the composltlon of the system is constant during a period of 60 min.

“The slope of the d—¢ curves represents the macroscopical velocity of migration,
vy = ad/dt -—‘zceoé/Gynm Assuming that only one kind of migration species is present
'~'1n “the' ‘solution, ,the velomty should increase in a solution of constant cornp051t1on in
{‘the same; relatlon as the applied voltage (that is 1:1).This is not the case in all systems,
'jie g:in 2.5 M HCl-80 vol. % ethanol (Fig. 1). According to the comprehensive explana-
-tions prev1ous]y glven5 the existence of several differently charged mlgratmg species
g should be: consxdered in these systems, though cations and neutral species predominate
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,Fxg I Mlgratlon dxstance of uramum with changmg potentxal at different acid and ethanol con-
: centrat:ons and after various periods of electrophoresis. 100 V voltage corresponds to a potential
'gradxent of about 5 V/em, 300 V'to 15 V/em, 500 V to 25 V/cm and 8co V to 40 V/icm. —@—,
2.5 M HCl; <~ A— 0.5 M HCIl-80 vol. % ethanol ——, 2.5 M HCl-8o vol. 9% ethanol; —V—,
o.11 M HCl—-absolute ethanol. For companson values in 0.5 M HCI are presented, —Wy—.

; F:g 2.. Mlgratxon distance with changing acid concentrations at different ethanol concentrations
at ‘aconstant potential (100 V) after various periods of electrophoresis. —QO—, 0%, ethanol;
-»;—A-—. 50 vol % ethanol -—0O—, 8o vol. % ethanol; ——-.—, extrapolated values.

z.a corresponding to ionic. charge, .5 = field strength 7 = viscosity; »; = ionic radius. -
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The migration distance and velocity depend on the position of the equilibrium
of complex formation and on the ratio of the rate of complex formation and migration
velocity of theions involved.

In hydrochloric acid solutions containing ethanol, uranium is predominantly
present as cationic and neutral species in the concentration range studied. No in-
formation about the nature of the cations (UO,2+ to UO, Cl+) present can be obtained
from these data, since quantitative interpretation of the results is not possible,
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Fig. 3. Migration distance with changing ethanol concentrations at different acid concentrations
and at different potentials after various periods of electrophoresis. —(Q—, 100 V; -~ A -+-, 200 V.

Fig. 4. Migration distance with changing ethanol concentrations at a constant ligand concentration
(2.5 M CI-) at different potentials after various periods of electrophoresis. , HCl; — — — —,
LiCl; ¢ vov- , MgCly; ——— , AlCl,.

Increasing acid concentration (Fig. 2) as well as increasing content of ethanol (Fig. 3)
increase the formation of higher complexes. The higher the amount of the neutral
species, the smaller the cationic migration. In 5 M HCl-60 vol. % ethanol solutions
no migration occurs at all at 1oo V. Although only overall cationic migration can be
observed in the systems studied, in solutions with a high amount of ethanol, the exist-
ence of anionic species seems to be possible, as has been mentioned above.

Addition of ethanol increases the complex formation as the dielectric constant
of the mixture decreases, and hence the ionic interaction increases. The cationic
species are not only stabilized by a solvate shell in aqueous solutions but also in ethanol
to some extent, since in solutions containing dry HCI dissolved in absolute ethanol
cationic migration was observed (Fig. 1).

The complex formation is increased in the salt solutions studied (Figs. 4 and 5).
In systems containing a chloride concentration of 2.5 M and 8o vol. % ethanol or
5 M [Cl-] and 60 vol. % ethanol, the amount of the anionic species (UO,Cl;™) is
noticeable. In solutions in which the salt has been dissolved in pure ethanol, the
amount of the anions is great, since anionic migration occurred. Usually the cationic
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migration increases in the following order: AICl, < LiCl < MgCl, < HCl. The ex-
planation of these data is rather difficult since the situation in solutions of the same
Cl- concentration is complicated by the influence of the varying pH value, viscosity,
dielectric constants and activity coefficients. (The electrode compartments contained
50 'ml of salt and 1o ml of acid solution.) The pH of the salt solutions is lower than
that of the acid systems, and hence hydrolysis and polymerization yielding higher
uranium aggregates might be possible. There is a possibility that in acid solutions the
anions UQ,Cl;~ and the hydronium ions form ion pairs, that is neutral units, whereas
the ionic association in salt solutions, especially if higher charged cations are involved,
is less probable.

Solutions containing acetone

The composxtlon of aqueous acid solutlons containing acetone is constant during
the first 12-13 min of electrophoresis. In these systems the capillary effect is also
more significant.

Increasing acid and acetone concentrations increase the complex formation.

The voltage dependence of the migration® indicates thatin 2.5 and 5 M solutions
of considerable acetone concentration differently charged species, cations and anions,
are present. The inversion of the migration direction with increasing voltage in 2.5 M
HCI-60 vol. % acetone solutions, for instance, is due to the high amount of the anionic
complexes (UO,Clg~) in these solutions (Fig. 7). In solutions of 60 vol. % acetone,
cations and neutral species predominate in about o.5-x M HCI, whereas in 4-5 M
HCl predominantly anions are present (Fig. 6). As expected, the inversion of the mi-
gration direction occurs in solutions of an acid concentration (Fig. 6) or of an acetone
content (Fig. 7) which are lower, the higher the voltage applied. Anionic migration
can be clearly observed in all systems containing no or only small amounts of ‘‘free”
water (e.g. 5 M HCl-60 vol. % acetone, 2.5 M HCI-80 vol. %, acetone). (It should be
mentioned that in such media condensation reactions take place altering the viscosity,
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Fig. 5. Magratlon distance with changing ethanol concentra.tmns at constant ligand concentration
(s M Cl-) and at a constant potential (1oo V) after various periods of clectrophoresis. , HCl,
~ ===, LiCl; »¢es> » MgCly; ——+—, AICl,.

Fxg 6 Mlgratxon distance with changing acid concentrations at a constant acetone concentration
(60 vol. %,) at different potentials after various periods of electrophoresis.
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the composition and hence the dielectric constants of the solutions and the tendency

to complex formation.) In these solutions only one kind of migrating species, that is
anions, exists.
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Fig. 7. Migration distance with changing acetone concentrations at different acid concentrations
and at different potentials after various periods of clectrophoresis.

Fig. 8. Rr values with changing ligand concentrations at various ethanol concentrations.
HCl; — - —=—, LiCl; +¢¢v - , MgCly; ——-—, AICl,,.

Concerning the complex formation and hence the migration in the systems con-
taining ethanol or acetone, the discrepancy observed may be due to the different
solvation tendency of the solvents studied. Ethanol, but probably not acetone, is
able to stabilize the uranyl cations by a solvate shell. This would explain the increased
complex formation in acetone solutions.

Paper chrvomatographic behaviour

Data on paper chromatographic behaviour are presented in IFigs. 8-r1. In-
creasing ligand concentrations as well as increasing concentrations of organic solvents
decrease the Ry values in all systems in which, on the one hand, overall cationic
migration or no movement and, on the other hand, an increase in the distribution on
anion exchange resins® can be observed. This decrease in mobility is due to the in-
creased formation of neutral complexes. The Rp values increase in systems in which
overall anionic migration and a decrease in the distribution occur. This increase in

the mobility can be explained by an increase in the amount of the ionic species in
the solution.
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- In any case, the hlgher the amount of the ionic species in solutlon—-rega.rdless
of whether cations or anions are involved —the higher the Ry value. The ions seem to
prefer the mobile phase. A minimum of the curve indicates that formation of neutral
complexes and subsequently that of anions take place.
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Fig. 9. Ry values with changing ethanol concentrations at various ligand concentrations. ,
HCl ————— , LACL; ¢ oo ,» MgClg; —'—+— , AlCl,.

Fxg 10. Rp values wﬁ:hvchangmg acid concentrations at various acetone concentrations. @,
systems whxch do not contain any ‘ free’’ water.
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Fig. r1. Rp values with changing acetone concentrations at various acid concentrations. @, systems
systems which do not contain any ‘‘ free'’ water.

“

‘All data obtained from acid solutions containing ethanol or acetone agree with
the results on'anion exchange of SCHNEIDERS. There is a fairly good agreement between
the data obtained from aqueous acid solutions and the results of J@RGENSEN and
MARcUS. According to JORGENSEN? in 1 M HCI1 [UO,CI(H,0)x]+ is present and ac-
cording to ‘MARrcus® in 0.5—4 M HCl UO,Cl+ and in 4-6 M HCl UO/Cl, exists. It
should be emphasized that the distance as well as the direction of migration depends
greatly on the voltage apphed and therefore, for instance, cationic motion can occur
at 100 V even in a solution in which the neutral species predominate!

- The chromatographic data agree with the results reported in the literature?. 19,
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