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Solvent Extraction Studies of Mixed Chelates of Europium

P R SANGURDEKARt & M SUDERSANAN*

Analytical Chemistry Division, Bhabha Atomic Research Centre, Trombay, Bombay 400 085

Received 27 July 1987; revised and accepted 5 October 1987

Mixed chelates of europium with ~-diketones and oxine have been studied by solvent extraction using carbon
tetrachloride as the medium. Extraction of europium by mixtures of HBFA- HFfA, HBFA- HTFA as well as ox­
ine-HBFNHFfNHTFA have been studied (where HBFA=benzoyltrifluoroacetone, HTFA=trifluo(oacetylacetone
and HFTA=furoyltrifluoroacetone). Mixed complexes are formed in all the cases and the nature of the extractea
species and their equilibrium constants have been evaluated by graphical methods.

Mixed chelate formatIon in solution haS been
studied by various methods 1.2.Mixed chelates of
metals like copper, zinc, indium and europium
with ligands like HTTA and isopropyltropolone
have been reported3. Mixed chelates of lutetium4
and uranium5 have been reported. In our laborato­
ries, a systematic study of indium6, hafnium 7 and
uranium8 systems have been carried out. In con­
tinuation of this work, solvent extraction studies
on the formation of mixed chelates of europium
with two ~-diketones or a mixture of a p-diketone
and oxine are presented here. The studies using
oxine have been made with a view to assessing the
possibility of formation of adducts besides mixed
chelates.

Materials and Methods

Europium, in the form of 152+154Eu, was ob­
tained from Isotope Group, BARC. Benzoyltriflu­
oroacetone (HBFA), furoyltrifluoroacetone (HFfA)
and trifluoroacetylacetone (HTFA) (all from K&K
Labs, USA) and oxine (BDH, AR) were used as a
solution in carbon tetrachloride (E. Merck, GR) .

Extraction experiments were carried out by
equilibrating for 6 hr at 30 ± 2°C the aqueous
phase (10 ml) containing europium (-10-5 M),
sodium chloride to maintain the ionic strength at
0.5 and acetic acid + sodium hydrQxide ( - 0.02 M)
to adjust the pH with an equal volume of the or­
ganic phase containing the extractants. The two
phases were separated and the pH of the aqueous
phase was measured using a Beckman Expando­
matic SS-2 pH meter (Mis Beckman Instruments
Inc, USA). Europium in the two phases was assay­
ed by gamma counting using a thallium-activated
sodium iodide crystal with a single channel analys­
er (Mis ECIL, Hyderabad). Background correc-
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tions were applied in all the cases. The mass bal­
ance for europium was good.

Results and Discussion

The mixed chelate formation of europium with
two ligands, HA and HB, can be described by Eq.
(1)

Eu3 + +n[HAlo + (3 - n)[HB] 0 ~ [EuAnB3-nlo + 3H+
... (1)

and the equilibrium constant is given by Eq. (2)

KBA = K(3-n),n ={[E~B3_nlo[HP[Eu]-I[HAll)n
[HBJo(3-n)} ... (2)

where the charges have been omitted for conveni­
ence. The distribution ratio(D) is given by Eq. (3).

Substituting in terms of equilibrium constants and
on rearranging, we get

Fo= D[HP /[HA]ij= K03 + K 12[L]+ K 2l[L]2+ K 3o[L]3
... (4)

where [L] represents [HBloI[HAlo and can be
solved for various equilibrium constants by graphi­
cal methods.

Extraction of europium was studied using a
mixture of p-diketones or a p-diketone and oxine.
Various p-diketones were selected in order to
study the influence of the terminal groups of the
p-diketones on the stability of mixed chelates.

Europium-HBFA- HFTA system
Extraction of europium was studied in the pres­

ence of a mixture of HBFA (HA) and HFTA
(HB). The distribution ratio (D) was measured as a
function of pH at fixed [HBFAj and [HFTAj. Stud­
ies were also made at varying [HBFAj or [HFTAj
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Fig. I-turopium-HBFA-HFTA system (Plots 1 and 2 represent the plot of log D versus pH and log D [H]3/[HBFAl} versusT [HFTAJuI[HBFAlo respectively. Other plots represent the various Fj functions)
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Table 1- Values of Equilibrium Constants

System K BA - log K BA

(HA-HB)

HBFA-HFTA

while aintaining the pH and concentration of the
either -diketone constant. The concentrations of

the B- iketones were calculated taking into ac­
count he partition coefficients of the two B­
diketon S9,1O.Values of partition coefficients were
obtaine from literature as log P HA = 2.4 7 for
HBFA d 0.82 for HFTA. The dissociation con­
stants ( K) for HBFA and HFTA are 6.01 and
6.18 res ectively9.

The lot of function Fo, calculated using Eq. (4)
resulte in a curve (Fig. 1) indicating the forma­
tion of mixed chelates. The plot of Fo versus [L],
when trapolated to [L]-+ 0, gives the value of
K03 as he intercept. Another function FI can be
written s

... (5)
Foj K03 2

Fl=T =K 12 + K11[L].+ K30[L]
I

A plot I f Fl versus [L] gives the value of K 12 as
the inte cept when [L]-+ O. Other functions can be
written .n a similar manner and solved to obtain
the vari us equilibrium constants. Typical plots are
given i Fig. 1 and the equilibrium constants are
present d in Table 1.

Europium-HBFA- HTFA system
Extraction of europium using a mixture of

HBFA (HA) and HTFA (HB) was also studied in
a similar manner. The concentration of HTFA in
the organic phase was calculated taking into ac­
count the dissociation constant9 (Ka) and partition
coefficient (P) using the relation (6)

... (6)
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where PlITFA = 0.646 and pKa"* <5.09.Extraction of
europium was studied around pH 5.6 by varying
the concentration of HBFA (0.001 to 0.01 M) at a
fixed concentration af HTFA (0.0165 M) and also
at varying concentrations of HTF A and a fixed
concentration of HBFA (0.01 M). Extraction of
europium occurred at a higher pH of 5 to 6 and
hence the aqueous phase complexes of Eu-TFA
were to be considered for the analysis of data.
The formation of (Eu TFA)2+ can be described by
the reaction (7)

Eu3+ + [HTFAloF(Eu TFA)2+ +H+ ... (7)

with the equilibrium constant K 1 given by Eq. (8)

K 1 = [Eu TFA] [H]/[Eu][HTFAlo ... (8)

Assuming Eu-TFA to be the predominant species
in the aqueous phase, Eq. (5) can be rearranged to
get

Fo=~~~!~~~=~1{K03+KdL]+K21[Lf

... (9)

where [L] represents [HTF~/[HBFA]o' Various
functions were calculated from the data and were

analysed to obtain the various constants by the
graphical method. The values of K 12/K 1 and K 2/
Kl were calculated as 2.2 x 10-8 and 1.27 x 10-7
respectively, indicating the formation of mixed
chelates. However, the higher pH of extraction
and the presence of (Eu - TFA)2+ complex in the
aqueous phase complicates ful1her analysis of the
data.

Europium-RBFA- oxine system
Mixed complex formation of europium using

mixtures of HBFA (HA) and oxine (HB) was also
studied in a similar manner. Studies were made at
fixed concentrations of HBFA and oxine of 0.01

M each and varying pH in the range of 4.2 to 4.6.
Studies were also made at a nearly constant pH of
about 4.5 and varying concentrations of one li­
gand at a fixed concentration (0.01 M) of the other
ligand. The concentration of oxine in the organic
phase was calculated taking into account the influ­
ence of protonation and partition coefficient of
oxinelO, (PHox= lOz.06)using Eq. (10),

[ [Hf+ K1KzJ[Hox1, = PHox[Hox]to/ 1 + PHox+ K l[H] ... (10)

where K 1 and Kz represent the dissociation con­
stants of oxinell, being equal to 5.09 for pK 1 and
9.02 for pKz.

Extraction of europium in the presence of vary­
ing concentrations of HBFA and oxine was found
to be higher than that due to the reagents alone.
The data were analysed on the basis of formation
of mixed chelates in order to obtain the values of
equilibrium constants. The function Fo or
D[H]3[HBFA]o3, plotted as a function of
10g{[Hox1![HBFA]0}resulted in a smooth curve in­
dicating the presence of mixed chelates. The var­
ious constants were calculated as described earlier
(Table 1). The value of K 30could not be evaluated
because of relatively small changes in the values of
Fj functions at higher concentrations of oxineindi­
cating the contribution of EU(OX)3to the extraction
to be small compared to those of mixed chelates.
Details of analysis and the plots are not presented
for the sake of brevity.

Europium- RFTA- oxine system
Extraction of europium in the presence of

HFTA was studied in a similar manner around pH
4.3 and the data were analysed in a similar man­
ner. The values of K03 and K12 were calculated as
1.2 x 10- 8 and 1.0 x 10 -7, respectively while those
for th~ higher complexes could not be evaluated
from the data.

Europium- RTF A- oxine system
Studies were also extended to the extraction of

europium by a mixture of HTF A and oxine
around pH 4.9. The concentrations of oxine and
HTFA in the organic phase were calculated using
Eqs. (6) and (10), respectively. The data were ana­
lysed considering the presence of (Eu - TFA)2+ in
the aqueous phase as discussed in an earlier sec­
tion. The plot of log Fo versus log [L] where [L]
repreiients [Hoxlol[HTF.A.Joindicated the absence
of extraction by HTF A alone under the preseni
experimental conditions and the predominance of
the first mixed chelate, Eu(TFA)zox. The values of
constants are summarised in Table 1.

The results obtained in the case of (3-diketones
can be attributed to the formation of mixed che­
lates. The values of stabilisation constants (Kg)

were calculated for Eu-HBFA-HFTA system. The
values of Kg given by Eq. (11)1

Ks = KOb/ Kglal ••• (11)

were found to be 0.78 for Eu(BFA}zFTA and 0.91
for Eu(BFA)(FTA}z, indicating that the complexes
were stabilised as expected on the basis of statisti­
cal factors. However, in the case of Eu-(3­
diketone-oxine systems, the values of K03 obtained
from the data on mixed chelates were somewhat
higher than those obtained on binary systems.
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This indtcated the probable formation of adductswith oxi*e in addition to mixed chelates. Sekine
and Dyr sen3 also found evidence for the forma­
tion of s If-adducts or adducts with one of the li­

gand (is ropyItropolone, IPT) in their studies on
the form tion of mixed chelates of europium with
HTTA d IPT. An increase in the values of KOJ

by a fact r of 5 to 10 can probably be attributed
to this eff ct.
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