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( Two different types of ~-diKetones,l-phenyl-3-methyl-
4-p-nitrobenzoyl-5-pyrazoloneI (NMPP) and 3-phenyl-
4-benzoyl-5-isoxazolone (HPBI) have been employed for
the solvent extraction of erbiutn(llI) from aqueous buffer
media into toluene.The valueobog Kex, whereKex refersto
theequilibrium,Er(III) + 3HLor ErU + 3H+ is - I.l and
+ 0.9 for Er-NMPP and Er-HrB1 respectively.The effect
of various lewis bases, viz., tri-n-octyl-phosphine oxide
(Tapa), tri-n-butyl phosphafe (TBP) and dibenzyl sul-
phoxide (OBSO) in combination with NMPP and HPBI
respectively on the extraction of Er(llI) has also been
studied. A large synergistic enhancement has been
observed in both the cases I with all the lewis bases.
Synergistic extraction constants, stability constants, and
the stoichiometry ofthe respective adducts formed during
the extraction have been detl rmined.

Among the various chelating ligands used in solvent
extraction of metals, P-dik9tones have been used ext-
ensively'. 4-Acylpyrazolo~es, first introduced by Je-
nsen-, have proved to be the most promising reagents
for the extraction of metals. Among these, I-phenyl-3-
methyl-4-benzoyl-5-pyrazo\one (BMPP) has been
found to be most succes~ful reagent and is more
efficient than theonyltrifluoroacetone (TT A) in most
of the cases". The introduction of the nitro group is
expected to lower the pk; value and thus the extract-
ion may occur at lower pI! values than that with its
parent compound, BMPP[ The reagent I-phenyl-3-
methyl-4-p-nitrobenzoyl-5-pyrazolone (NMPP)
has been used earlier for the extraction ofCu, Co, Ni,

I

Th3, U024.S, Nd and Eu6.

Replacement of the pyrazole moiety by isoxazole
moiety in BMPP is expected to decrease its p'K; and
facilitate extraction of metals at lower pH values. The
reagent 3-phenyl-4-benz~yl-5-isoxazolone (HPBI)
has been used earlier for the extraction ofMn, Fe, Co,
Ni, Zn, Cd, Pb, Rh 7, Nd and Eu8.
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The aim of the present work s to study the extrac-
tion of Er(III) as a member oft e heavier rare earths
with NMPP, HPBI, BMPP an ITA and compare
their relative efficiencies. The e ct of various organic
lewis bases, i.e., tri-n-oc ylphosphine oxide
(TOPO), tri-n-butyl phosphat (TBP) and dibenzyl
sulphoxide (DBSO) on the ex raction of Er(III) in
combination with NMPP and HPBI has also been
investegated.

Experimental
The ligand NMPP was pre ared using I-phenyl-

3-methyl-5-pyrazolone (MPP and p-nitrobenzoyl
chloride by the method of Je sen-. HPBI was pre-
pared according to the method fKorte and Storiko?
using 3-phenyl-5-isoxazolone 0 and benzoic anhy-
dride in the presence of sodiu benzoate. The purity
of both the ragents was est lished by elemental
analysis and melting point d ta. The solutions of
NMPP and HPBI of requisit concentrations were
prepared in toluene CAR).

Solution ofEr(III) was prep red using the reagent
grade Er203 (99.9% Koch-Lig t Labs, England) and
stock solution was standardise gravimetrically after
precipitation as oxalate. All ther reagents were of
AR grade.

Solvent extraction
The initial concentration f Er(III) in aqueous

phase was maintained at 2.99 10-4 M and the ionic
strength was kept at 0.1 M (H[K) Cl. pH of aqueous
phase was measured after t e extraction in all the
experiments using an Elico p meter. Equal volumes
(10 cm ') of pre-contacted aqu ous phase and toluene
phase containing the ligand MPP were placed in
stoppered pyrex glass bottles d shaken for one hour
in a thermostated mechanical haker at 30 ± 1°C.The
distribution ratio Kd was cal ulated by monitoring
the concentration of Er(III) in the aqueous phase
spectrophotometrically by d veloping colour with
Alizarin Red-S"! using a Va ian-634 spectrophoto-
meter. Since the Kd is fo nd by ratio of the
concentration of metal obta ned by difference, the
experiments were carried 0 t in duplicate. Similar
experiments were carried ou to extract Er(III) with
NMPP in combination wi neutral oxo-donors
TOPO, TBP and DBSO and the distribution ratios
were calculated. All the abov experiments were also
carried out with the ligand PBI.



Results and discussi n
The extraction b haviour of Er(III) with NMPP

and HPBI can be un erstood in terms of the variation
of Kc.as a function 0 the aqueous phase acidity and as
a function of the ext actant concentration. The plot
of log Kd vs pH at constant ligand concentration
(NMPP or HPBI) g ve a slope of three for Er(I1I),
indicating that thr e protons are released during
extraction. The slop value of the plot oflog Kd vs log
(NMPP) or log (HP I) at constant pH was also found
to be 3±0.1 indicati g that three moles of the ligand
NMPP (or HPBI) a e involved in the formation of
extracted complexe .

The extraction eq ilibrium can be represented as:
£x

Er(llI) + 3HL· ErL3 + 3H+, where HL
represents the ligan NMPP or HPBI. The values of
the equilibrium cons nt, log Kex, were calculated and
are shown in Table 1, alongwith px, values of various
ligands.

As the relative v lues of log Kex under similar
conditions provide an estimate of the relative
efficiency of the extr ction with various ligands, it is
clear from Table 1 t at both NMPP and HPBI are
better extractants th n BMPP and TTA. It is also
evident that HPBI extracts Er(III) better than
NMPP. This trend onforms to the p'K; values of
various ligands, low r pKa of the ligand signifying
higher extraction.

Effect of lewis bases (S)
The effect of lewis ases in combination with the

ligands NMPP /HPBI on the extraction of Er(llI) was
studied by varying t e conce.ntration of the lewis
bases at constant pH and constant ligand
concentration.

Figure 1 shows t~ plot of log x; VS logeS) at
constant pH and at c nstant NMPP concentration
for Er(llI) with TOP ,TBP and DBSO. The slopes
indicate that 1 mole el ch of TO PO, TBP and DBSO
takes part in the ad uct formation. In the case of
Er(llI) -HPBI system also, one mole each of TO PO,
TBP and DBSO is t ken up for adduct formation
(Fig.2). From the dat the extraction equilibrium for
the extraction of Er III) in presence of auxilIary
ligands may be show as:

Er + 3 HL + S

where Kex' refers t the extraction equilibrium
constant and is calc ated by the equation:

Log Kex' = log K -3 log[HL)-3pH-log[S).
The values oflog K; ,and adduct stability contants

(log Ks) are given in able 2.

NOTES
\

Table I-Comparison of e+raction cons tan t values (log Kex) of
Er-NMPP and Er-HPBI systems with those for Er-BMPP and

Er- A systems

System

Er-NMPP
Er-HPBI
Er-BMPP
Er-TTA

pKa log «,
2.0 -l.la

1.13b +0.9b

4. lOb -2.5
6.23b -7.76c

a Present work; b Refs. 16117; c Refs. 12,13,14 & IS.
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Table 2-Extraction constants and stability constants of
Er-NMPP-S and Er HPBI-S adducts

Auxiliary ligand Er(III)-NMPP Er(lII)-HPBI
I

log Kex
TOPO
TBP
DBSO

2.6
1.5
1.\

-1.\

IO~Ks
3.7
I

f·6
~

log «; logKs
4.2
3.9
3.4

5.1
4.8
4.3

+0.9

The results clearly i~dicate that synergistic
enhancement occurs in ~hese systems and the
synergism with TOPO is higher than that with TBP
and DBSO which is pro ably due to its higher
basicity.
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