Asian Journal of Chemistry Vol. 14, No. 2 (2002), 570-576

Electrochemical Reactions of Europium in
H,0-H;PO,-DTPA System

B. BELQAT*, K. EL KACEMI and S. BELCADI
Laboratoire d’Electrochimic et Chimic Analytique, Dep. Chimie, Fac. Sciences
Rabat BP1014, Morocco
E-mail: Bouchrabelqat@hotmail.com

The reduction of Eu(Ill) ions in phosphoric acid with or without
diethylenetriamine-pentaacetic acid (DTPA) was studied by electro-
chemical analyses. Electrochemical reactions involved complexation and

_ solvation processes of europium ions with DTPA species in phosphoric
acid. The diffusion coefficient of Bu(III) species was determined in dif-
fusion-flow media. The effect of the europium concentration and the sol-
vent on the complexation reactions was discussed. In addition to
electrochemical informations on Eu-H3;PO4~DTPA system in solution,
spectrophotometric investigation confirms the formation of complexing
species.
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INTRODUCTION

The europium species were used in various areas such as in incandescence
lamps, in the tube revetment of television and in various other applications'™.
Several ores contain rare earths such as Morocco phosphate’; which produce
phosphoric acid by sulfuric acid treatment. The europium contents around
20-40% are resumed in phosphoric acid and the rest in the phosphogypse as
insoluble ermss' 19, Consequently, the europium ion recovery necessitates a
precise knowledge of its redox state and their behaviour in phosphoric acid. Some
workers have approached the electrochemical aspect of europium in different
media such as perchloric acid and glycine'’'%, The addition of the multidentals
such as diethylenetriamine pentaacetic acid (DTPA) ligand in phosphoric acid
solution containing Eu** ions can favour the europium complexation and therefore
minimize its loss in the phosphogypse. The knowledge of stability constants for
europium chelates gives a good indication on its extraction process. DTPA species
presents a higher stability constant (log Kg, =22.91) than other ligands such as
EDTA (log Kga = 17.35) and HEDTA (log Kgs = 15.15) and may form more
complexes with europium ions'®. The current study using electrochemical and
UV-visible spectroscopy demonstrates some interaction reaction -(complexa-
tion and solvating) between the europium ions and DTPA species if phosphoric
acid. '

 EXPERIMENTAL

The phosphoric acid used (Riedel De Haen pure for analysis) was taken at
different concentrations varying from 0.1 to 14 M. The diethylenetriamine
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pentaacetic acid C;4H,3N;0, (DTPA) (Labos for analyses) and Eu,O; (Merck
products for analysis) were introduced in the solution by a complete dissolution
in phosphoric acid solution. Electrochemical techniques involve the classic and
impulse polarographies (Polaroprocesseur POL150 Polarographic to analyze) and
potentiostatic coulometry. A cell in glass containing the studied solution was used,
in which the work electrode was mercury and the auxiliary electrode was platinum
with Ag/AgCl (0.1 M H3PO,) electrode reference. To avoid the chloride diffusion
between the reference electrode and the solution cell, the Ag/AgCl electrode was
connected to work cell by a capillary containing a phosphoric acid (0.1 M), diving
in solution containing ferricinium species. The potential junction between the two
phosphoric acid media was corrected for all measurements described elsewhere!’
During all experimental setup, bubbling of nitrogen was maintained in the
solution to avoid the presence of dissolved oxygen.

Spectrophotometric study was performed with a double beam absorption
spectrophotometer (Varian, Series 634).

RESULTS AND DISCUSSION

Eu(Ill) in H;0-H;PO,:  Polarograms of Eu** idns in H,PO, taken at
different concentrations are reported in Fig 1. In calculating the potentials E, .,
E\ 12 (marked) and (E3,4~E}/4) given in Table-1, a reversible electrochemical reduction
of Eu** ions in phosphoric acid was obtained. A half wave potential E markedy
displaces to most negative values when the phosphoric concentration increases
and the diffusion current is proportional to the europium concentration (Fig. 2).

The analysis of the reduction wave shows that the values of Ep (marked) Varies
straight line with log (I4 - I)/I where the transferred electron number equals to 1’
provided also by coulometry method. The potential values of E)/marked) =-0.666
V/ Ag/AgCl (1 M H;POy) and E; (markedy = —0.647 V/ Ag/AgCl (5.5 M H;PO,)
when log (I3~ I)Y/I = 00 (Fig.3).
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Fig. 1. Polarograms of Eu(lll) ions in H3PO4 solution (Cgyqury = 1073 M; Cuypo, = 1.0M; 5.5
M; 9.0 M; 12.0 M.
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TABLE-1
Ein, Eiz MarkeD) AND (Eaus~Ey4) VALUES vs. H3PO4 CONCENTRATION
[H3PO4] (M) 1.0 55
Ein (V)/Ag/AGC 0756 -0.894
E,,, marked (V)/Ag/AgCl -0.666 -0.649
(Eyq—Ejs) £5] (mV) 59 65
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Fig. 2. Diffusion current I; versus europium concentration at different phosphoric concentra-
tions.
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Fig. 3. Dependence of the potential peak as function of log (Iy~I¥1 at 1.0 M and 55 M
H3PO,.

The diffusion coefficients of Eu(Ill) ions according to phosphoric acid
concentration were calculated from the Ilkovic equation'é: I = 607 nm?* /¢ D2,
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while the viscosities of phosphoric acid at different concentrations are given in
literature (Table-2). The low diffusion coefficient of Eu(IIl) species in con-
centrated H3PO, should be related to the high medium viscosity as described by
several workers'"" 18

The diffusion coefficients of Eu(IIl) ions according to phosphoric acid
concentration were calculated from the Ilkovic equation'®: I; = 607 nm?? /6 D'2,
while the viscosities of phosphoric acid at different concentrations are given in
literature (Table-2). The low diffusion coefficient of Eu(IIl) species in con-
centrated H;PO, should be related to the high medium viscosity as described by
several workers'” 18

TABLE-2
DIFFUSION COEFFICIENT AND VISCOSITY VALUES OF Eu** IONS
IN H3PO4 MEDIA

[H3PO4][M]) D - 10% (cm?s™!) 1 (centipoises) (Ref. 16)
1.0 098 12
5.0 034 39
9.0 022 10.6
115 0.11 20.2

Eu(IIl) in H,0-H;PO~-DTPA system: Fig. 4 shows the impulse polarograms
obtained in 1 M H;PO,4 and 1073 M Eu(Ill) ions with or without 6 x 107> M DTPA
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Fig.4. Impulse polarograms of 103 MEu(I)ionsin 1 M H3PO,4 with or without DTPA species.
concentration. In the absence of DTPA, Ep (markesy =~ 0.673 V/Ag/AgCl, which is
similar to previous value of E,, using classic polarography (Ei2 (marked)
=-0.666 V/Ag/AgCl), whereas the reduction peak of the Eu(III) ions displaces to
most negative values according to the DTPA concentration. Using the slope line
values of AE, = (EP(CDTPA #0)) — E(Cprpa =0)) values as a function of DTPA
concentration (CEU(,") = 10°M) (Fig. 5) the Eu(IIl) coordination numbers calcu-
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Fig. 5. Dependence of the values of AE,, as a function log[DTPA] at 1 M H3PO4

lated were respectively 4, 7 and 9 indicating three env1ronments present in solution
in our,operation conditions. This provides that one Eu** ion was bonded either with
4 DTPA, 7 DTPA or 9 DTPA accordmg to the DTPA concentration. Moreover,
DTPA is a multidental ligand and Eu** ion is able to accommodate as much as four
DTPA molecules in its coordinate sites, which is in relation with the used DTPA
amount. However, this complexation is also influenced by phosphoric acia
medium, because the europium ion can form a complex with H3PO, acid.

The addition of DTPA with different concentrations ranged from 3Mto 14.8 M
H;POy; the reduction peak of Eu(III) to Eu(II) ions was observed without displace-
ment in mode impulse polarography . This is due only to the Eu(III) ion solvating by
the H;PO, acid and by the DTPA species.

In order to explain better, some differences of the europium behaviour in H3PO,
with or without DTPA s ecnes, we have used Ro(H) values in H3PO4+H,0 (Table-
3), given by Louis et. al.'® 1% and we have calculated the potential peak via Ro(H) in
H;PO4-Eu-DTPA system (Fig. 6). The dependence of the potential Ep (markeq)
according to Ry(H) shows two segment lines, which proves the existence of two
phenomena such as complexation and solvation processes that govern the
electrochemical behaviour of europium ions in H;PO, acid. From 0.1 M to 3 M
H3PO,, the reduction peak of Eu(III)/Eu(Il) system displaces to most negative
values.

However, in the presence of the DTPA species, the electrochemical change was
observed. The potential AE, increases to most positive values when the H;PO,
concentration increases. Indeed, it has been demonstrated that the Eu(III) ions give
a complex with phosphate groups such as Eu(HPO,)* or Eu(H,P0,)** complexes.
The apparent normal potential of the Eu(III)/Eu(II) system in H;PO, decreases and
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Fig. 6. Reduction potential peak E, of Eu(1lI) ions vs. Ro(H) of H3POy4 with and without DTPA
ligands.

the Eu(II) becomes more reducing. This suitably intervenes a complexation
phenomenon of Eu(lIIl) ions. In concentrated values of H3PO, superior to 3 M
H3POy,, the potential shift displaces to most positive values which is related to the
solvating phenomenon by H,O molecules, when the phosphoric acid concentration
increases whereas that of water decreases, the solvating process decreases and the
electrochemical reactivity of Eu(III) ion increases. After, the reduction of Eu(III)
becomes easy provided by the displacement of the reduction peak to less cathodic
potentials. In H;PO, with DTPA, the Eu(III) ion behaviour changes with Ro(H) is
different such as in H3PO,, but it is due to the different acidity effect on the
complexation process. In addition, the Eu* ion should be comglexed by both
phosphate and DTPA species. The same results'> are obtained in Fe>*-H;PO,,

TABLE-3 _
Re(H) ACIDITY VALUES AS A FUNCTION OF H3PO4 CONCENTRATION
[H3PO,] 1.0 2.0 5.5 8.0 11.5 14.0
Ro(H) +0.2 -0.2 -19 -32 -6.1 -8.9

The most suitable range of wavelengths for spectrophotometric measurements
of Eu** ions in 1 M H3PO, with or without DTPA shows the greatest difference of
absorption spectra between the two solutions. The typical spectral curves are
reported in Fig. 7. This shows the formation of Eu** ions in H;PO, with or without
DTPA species. The DTPA species being an multidental ligands have been formed
also very stable chelate complexes with alkaline earth ions and with others triply
charged metal ions such as Sm(III) ions®® %!, It is seen that AE, for Eu-H;PO,-DTPA
system varies with species concentration contained in solution. So, mixture com-
plexes can be formed between the three species in solution as shown in UV- visible
study.

Conclusion

The Eu(II)-DTPA system should be presented in stable form only in dilute
phosphoric acid. Electrochemical and UV-visible data have demonstrated that the
europium behavior changes with H3PO,4 acidity and the used techniques are
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Fig. 7. Typical UV-visible spectra of europium species in 1 M H3PO4 without DTPA (a), and

with DTPA species (b). Cgyquy = 107> M.

considerably advantageous over other chemical methods of complex used forma-
tion. Consequently, the extraction of europium ions from phosphoric acid depends
also on their concentration and the complexing effect.
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