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The dedroreduction of EuCl; in NaCl-KCl
without and with additions of fluoride ions (NaF), and in
KCl, CsCl melts in the temperature range 9731123K was
studied by different eledrochemicd methods. It was
determined that eledrochemicd reduction of Eu(lll) in
these melts occurs via two successve reversible stages
involving transfer of the one and two eledrons. In pure
chloride melts the process
Eu(lll) +€  Eu(ll) (1)
is reversible & a polarization rate of v<0.1V s*, but at a
swee rate 0.1<v<0.3V s* amixed diffusion and eledron-
transfer control was observed. A further increase of
polarizaion rate, v=0.5V s’ results in the dedron-
transfer control.

In NaClI-KCl melt with the ratio EW/F = 1:6 at the
polarizaion rate of 0.1V s the redox process became
quasi-reversible. The diffusion coefficients (D) of Eu(lll)
and Eu(ll) in chloride-fluoride melt were lower in
comparison with NaCI-KCl melt [1]. The deaeasing of D
is conneded with the formation of fluoride complexes due
to readion:

EuClg® + 6F « EuFg® + 6CI 2

Fluoride complexes are stronger than chloride ones, and
this in turn leads to deaease in the contribution to the
diffusion coefficients from the “hoppng’ mecdanism.
Standard rate mnstants (k) of the redox process (1) for
fluoride complexes were determined using linea swee
voltammetry, cyclic voltammetry and impedance
spedroscopy data. The values of Kgin chloride-fluoride
melts in the temperature range 9731023 K were 3.2-4.5
times less in comparison with pure NaCl-KCl melt [2].
This result isin acordance with the theory of elementary
charge transfer, because the smaller and stronger bond
complexes need a high rearangement time, and in
consequencethe process(1) proceels at a slower rate.

The formation of a stronger fluoride complexes
led to significant shift to the region of negative potentials
of the process(1). It is known [3] that addition of fluoride
ions to chloride melts often causes gabili zation of higher
oxidation states of metals. In the NaCI-KCl melt with
molar ratio EuW/F = 1:6 bah complexes Eu(lll) and Eu(ll)
were stable.

At the same time for the NaCl-KCl melt
containing samarium a molar ratio Sm/F = 1.6 only
complexes Sm(Ill) were thermodynamicdly stable.
Introducing of fluoride ions to the NaCl-KCI melt
containing SM(ll) is acompanied by readion of
dispropartionation:
3SmCl,* + 12F o 2SmFe® + Sm+12C1°  (3)

Thus complexes of Eu(ll) are more stable in
comparison with Sm(ll) complexes.

A deaease of D is found
when the cdion composition of the
seoond coordination sphere changes
from Na to Cs. Similar changes in
D values are well known. They are
due to the deaease of the munter-
polarizing effed of cations from Na
to Cs, resulting in a deaease of
metal-ligand bad length. The
diffusion coefficients deaease
when the airopium oxidation state
incresses while the adivation
energies for diffusion increase. The
standard rate nstants of redox
readion (1) increased when going
from NaCl-KCl to CsCl melt. Our
experimental results suggest that
eledron transfer related to readion
(1) may proceed over outer-sphere
cdion. The highest value for ks was
observed in CsCl melt becaise of
the larger polarizability of caesium.

The formal  standard
potentials of E*eyuyes E*eugnyeu
and formal sandard redox
potentials of E*gquyesqy Were
determined  from  open-circuit
potentiometry and cyclic
voltammetry data. The
thermodynamics of dilute solutions
formation of europium di- and
trichloride, and equili brium
constants of metal-salt readion in
akali chloride mets  were
cdculated.
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