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ABSTRACT

The effects of different diluents on the synergistic extraction of Eu(III) and

Tm(III) by thenoyltrifluoroacetone (HTTA) and/or 18-crown-6 or 15- crown-5

was investigated from nitrate aqueous medium (\i-0.2).

For these systems, it is found that the diluent affect the extracted species in

the organic phase. The composition of the extracted species have been proposed

on the basis of slope analysis method. With HTTA alone, the stoichiometry of

the extracted species was found to be Ln(TTA)3 or

Ln(NO3)(TTA)2(HTTA) where Lns Eu(III) or Tm(III). With HTTA-Crown

mixture the extracted species were Ln(TTA)3.CE or Ln(NO3)(TTA)2.CE.

The respective extraction and formation constants were evaluated. The variations

obtained in the distribution was explained in terms of the interactions between the

solute and the diluents. Correlations between the extraction and formation

constants of the extracted species of Eu and Tm and the physicochemical

parameter of the diluents used were given and discussed.

INTRODUCTION

A great deal of interest has been focused on the synergic extraction of

lanthanide elements, especially in a combination of p-diketone and a neutral

donor ligand (1"5X
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The degree of synergism depends not only on the properties of extractants or the

aqueous medium, but also on the kind of organic diluent. Akibaetal(6) have

studied the effect of HTTA(HA) chelate of Eu(III) with a strong oxygen donor,

tri-n-octylphosphine oxide (TOPO,S). They found that, EUA3 chelate forms two

types of synergic adducts, EUA3.S and EUA3.2S. In addition, adduct formation

constants determined in thirteen diluents were found strongly diluent-dependent.

Solvent extraction studies have been carried out (7) on aqueous complexes of

La(III), Eu(III) and Ln(III) with macrocyclic ligands DAPDA (1,7-diaza-

4,10,13-trioxacyclopentadecane-N,N'-diacetic acid) and DACDA (1,10-

diaza,4,7,13,16- tetraoxacyclooctadecane-RN1 -diacetic acid) using TTA as the

extractant in chloroform, nitrobenzene and benzene. Results of the effect of the

diluents on the extraction of lanthanides complexes appear that, nitrobenzene

with high dielectric constant, favors the extraction of ion pairs instead of the

mixed complexes observed with the inert diluent benzene.

Relatively little data have been reported for extraction of lanthanides with

HTTA and neutral donor ligands from nitrate medium(8I0).

To gain better understanding of the nature of extracted species in the system

Ln3+-TTA-CE-NC>3 , it is desirable to carry out the solvent extraction studies in

the diluents of different dielectric constants and natures.

The present paper report the results of synergic extraction studies on Eu3+ and

Tm3+ complexes from nitrate medium in nine diluents. 18C6and 15C5 were

employed as macrocyclic Iigand in this work for comparsion purposes.

Convenient relations are presented between equilibrium constants and physical

properties of diluents.

EXPERIMENTAL

Reagents:

All chemicals and solvents were of analytical reagent quality (AR) and

used without further purification. 2-Thenoyltifluoroacetone (HTTA) was

obtained from Fluka. 18-crown-6 (18C6) and 15-crown-5 (15CS) were supplied

from Sigma chemicals. Chloroform, toluene, chlorobenzene and trichloro-
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ethylene were a product of BDH, England. Nitrobenzene was a product of Merk

and benzene was supplied by Adwic laboratory chemicals. O-Dichloro- benzene

was obtained from Veb.Laborchemie Apolda, carbontetrachloride and

cyclohexane were from Reanal.

The radioactive thalium , n o j m , and europium , 152>154Eu , tracers were

prepered by neutron irradiation ofspectroscopically pure Tm2O3 and EU2O3 in

the ARE-RR-1 reactor at Inshas and used in concentration <10-5 M.

The aqueous phases used were sodium acetate - acetic acid solution (0.001M

acetate buffer) contained 0.2M NaNO3 to fix the ionic strength . The pH was set

at 3.5± 0.01 except when studing the effect of [H+] . The organic phases

contained different extractants of known molar composition diluted with different

solvents used.

Distribution ratios were measured after mixing equal volumes of the organic

and aqueous phases for 30 min.(enough to achieve equilibrium) at 25±1 °C using

a thermostated shaker. All aqueous solutions and solvents were pre-equilibrated

with each other before distribution experiments. The distribution ratio,D, was

calculated from the ratio of the counting rate in the organic and the aqueous

phases, respectively. The counting rate representing the concentration of

respective cations was measured radiometrically using a multi-channel analyzer

coupled with a well-type Nal(Tl) scintillation detector.

RESULTS AND DISCUSSION

The effect of nine diluents on the extraction of both Eu(III) and Tm(III)

from aqueous nitrate medium by either HTTA alone or mixed with 18C6 or

15C5 was investigated. In absence of the crown ethers, slope analysis for

experimental results of the effect of [H+], [HTTA] and [NO3] on the

extraction of the two cations were experimented. The results showed that,

two different extracted species were obtained for the diluents used.

When using nitrobenzene,O-dichlorobenzene, chlorobenzene and

chloroform as diluents, the results showed that, both Eu and Tm chelates
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contain 3 mol of HTTA (slope=3), three mol of H+ are released in the

aqueous medium (slope= -3) and no NO3 ions are present in the extracted

species (slope=0).

From these results the extraction equilibrium could be represented by :

Ln3+ + 3HTTA 7 — ^ Ln(TTA)3 + 3H+ (1)

(bars refer to organic phase and Ln= Eu or Tm)

with an extraction constant, K30, given by

K 3 o-D[H+]3 / [HTTA]3 (2)

The second trend was obtained when using benzene, toluene, trichloro-

ethylene, carbon tetrachloride and cyclohexane, where the results showed

that, although either Eu or Tm extracted species contain 3 mol of HTTA

(slope=3) ,only 2 H + are released in the medium (slope= -2) and one NO3

ion is present (slope=l). This indicates the presence of one undissociated

HTTA molecule.

Therefore, the extraction equilibrium can be represented by:

Ln3+ + 3HTTA + NO3 7 — ^ Ln( NO3)(TTA)2 HTTA + 2H+ (3)

and the extraction constant ,K2i, given by:

-2
K21 = D[H+]2 / [HTTA]3 [NO"3] M" (4)

To assess the synergic ability of the crown ethers on the extraction of Eu

and Tm chelates, the molar variation method was applied for different diluents

investigated. In this concern, synergic extraction of both Eu(HI) and Tm(III)

from aqueous nitrate medium at pH=3.5 with constant ionic strength of 0.2 M

NaNO3 by various molar ratios of HTTA mixed with 18C6 or 15C5 at a

constant total molarity of 0.05 were investigated for all diluents used. Figures

l&T represent the variations of distribution ratio,D, with the composition of

the organic phase for Eu and Tm. In all cases, the maximum distribution
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Fig. 1. Relation between log D and the organic phase
composition used for the extraction of Eu(III)
by different diluents of HTTA and CE (18C5 or
15C5) from nitrate aqueous medium of constant
= 0.2 NaNO at pH 3.5
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ratios of the respective extracted mixed species for each investigated system

were obtained at a composition around 4:1 or 3:2 for diluents used.

The sequence of the distribution ratios as related to the crown ether was

found to be 15C5 > 18C6 and as related to the metal element was found to

be Tm > Eu .

Detailed studies for the different parameters affecting the mixed extraction

are invetigated.The effect of [H+],[HTTA],[CE] and [NO3] when fixing three

of these parameters was obtained. Slope analysis of the obtained results for

both Eu(III) and Tm(lXI) shows that, two different complexes are formed.

According to the results obtained, the first main species extracted when

using nitrobenzene, O-dichlorobenzene,chlorobenzene and chloroform as

diluents can be represented at equilibrium by:

Ln3* + 3HTTA + C E ^ — » Ln(TTA)3 .CE + 3H+ (5)

where CE= 18C6or 15C5

with the extraction constants ,K.3i, given by :

- i
Kai = D [H+J3 / [HTTAJ3 [CEJ M (6)

When the other five diluents (benzene, toluene, trichloroethylene, CCI4 and

cyclohexane) are used the other extracted species is Ln(NO3)(TTA)2.CE and

the extraction equilibrium can be represented by:

Ln(NO3)(TTA>2.CE + 2H+ (7)

with the extraction constant ,K2n, given by :

-2
Km - D[H+]2 / [HTTA]2lCEl[NOj"] M" (8)

The extraction constants, K3©, K21, KJI and Km for each system were

calculated according to eqn. 2,4,6 and 8 and listed in Table 1.

Diluents are listed in decreasing order of their dielectric constant (e) and

solubility parameter (5org )•
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Table 1. Extraction constants of Eu extracted for EU-TTA-CE system in

different diluents.

Diluent

Nitobenzene

o-Dichlorobenzene

Chlorobenzene

Chloroform

Trichlorobenzene

Toluene

Benzene

Carbon tetrachloride

Cyclo hexane

34.82

9.93

5.62

4.90

3.40

2.38

2.28

2.23

2.05

8o^

10

10

9.5

9.3
—

8.9

9.2

8.6

8.2

logKao

EU-TTA

-5.44

-6.89

-7.82

-7.71

log K2i

Eu-TTA

-2.22

-3.03

-2.74

-2.76

-1.96

log K31

EU-TTA

15C5 18C6

-2.82

-3.79

-4.35

-4.75

-3.17

-4.05

-4.39
-4.81

log K21 1

Eu-TTA

15C5 18C6

-1.51

-1.62

-1.39

-1.74

-1.2

-1

-1.

-1.

-1

-0

.72

19

77

.89

.79

* E » dielectric constants ; 8org s solubility parameter

Table I1. Extraction constants of Tm extracted for Tm-TTA-CE system in

different diluents.

Diluent

Nitobenzene

o-Dichlorobenzene

Chlorobenzene

Chloroform

Trichlorobenzene

Toluene

Benzene
Carbontetrachloride

Cyclohexane

8*

34.82

9.93

5.62

4.90

3.40

2.38

2.28
2.23

2.05

Oorg

10

10

9.5

9.3
.—

8.91

9.2

8.6

8.2

logKao

Tm-TTA

-5.21

-6.83

-6.64

-6.98

log K2i

Tm-TTA

-2.16

-2.15

-2.26
-2.29

-1.79

log K31

Tm-TTA

15C5^18(

-2.70 -2

-3.52 -3

-3.82 -3

-3.92 -4

26

.91

.75

.9

.08

IogK2n

Tm-TTA

15C5

-0.89

-0.89

-0.86
-0.92

-1.0

18C6

-1.24

-1.24

-1.08
-1.21

-0.6
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As can be seen from the table,the lower extraction constants for Eu and Tm

with first group diluents compared to those for second group diluents are

probably related to the stronger complexation of Ln3+ with the former ligand.

Extraction constants varies for both ligands in the order: nitrobenzene > O-di-

chlorobenzene> chlorobenzene > chloroform for both Eu and Tm,while with

the second group diluents, different trend was obtained. Thus, for Eu

extraction by HTTA-15C5 mixture, the extraction sequence is cyclohexane

> benzene > tricloroethylene > toluene > CC14 and cyclohexane > trichloro-

ethylene > benzene > CC14 > toluene by HTT A- 18C6 mixture.

For Tm the extraction sequence is benzene >trichloroethylene > toluene >

Ccl4 > cyclohexane for the extraction by HTTA-15C5 and cyclohexane >

benzene >CCl4 >toluene >trichloroethylene for the extraction by HTTA-

18C6

Attemtpts to correlate the extraction constants with a physical property of

the diluents used (dielectric constants or solubility parameters) were all

unsuccessful. The trend observed that, when the different constants were

correlated with the dielectric constant, e, a linear relation was obtained with

diluent of higher e than chloroform for both Eu and Tm ,Figure 2&21. For

diluents with e less than chloroform a high scattered relation was obtained.

A useful way to characterise a solvents employed in extraction of metal

chelates or adducts is to combine the distribution ratios with the properties of

the diluents. Shmidt et al ( I I ) have introduced the empirical diluent parameter

(DP) as a "universal constant" characterizing the diluent as

log D - K + a. DP (9)

where D is the distribution ratio, K and a are constants characteristic of the

extraction system and DP is the parameter that characterizes the dilunt. Based

on this concept, a DP was investigated in the present work. This parameter

was obtained from the distribution measurements with HTTA alone or

HTTA-CE mixture in different diluents,relative to the value with chloroform

as the reference.
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A Eu-TTA
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Fig. 2. Variation of the dielectric constant of the nine
diluents with log K3(j, K 2 i, K 3 i, K a i l for the

Eu(III) extraction by HTTA and HTTA-CE mixtures.

118



o 20

Dielectric constant

30

£

4 0

+ Tm-TTA

A Tm-TTA

0 Tm-15.5

+ Tm-15,5

A Tm- 18.6

• Tm-18.6
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Tm(III) extraction by HTTA and HTTA-CE mixtures.
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Fig. 3. Variation of the diluent parameter values (DP.)
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DP - lOgD - lOgDfcehWo™ (10)

This correlation was based on very low distribution ratio in chloroform

respective to the other diluent. Figure 3&31 represents the relation between

the different extraction constants and the calculated DP for each diluent. It

was found that, the DP were valid for the different diluents used and this

correlation modified the relation between the diluents and its extraction

constants to a linear relation. Thus it was found that, the chelate or adduct

complexes of the same composition gave a straight line, since the values of 5

differ little regardless of central metal ions ( !2 ) .

CONCLUSION

— The stoichiometry and the nature of the extracted species was found to be

different with these different diluents used.

— Two main extracted species were found to formed in different diluents for

the systems Eu /HTTA /CE / NO3 and Tm /HTTA ICE I NO3 . In

nitrobenzene, O-dichlorobenzene, chlorobenzene and chloroform diluents,

the extracted species were Ln(TTA)3 and Ln(TTA)3.CE

-The species of the type Ln( NO3)(TTA)2 HTTA and Ln( NO3)(TTA)2.CE

are formed with diluents of low dielectric constants, trichloroethylene,

toluene,benzene, carbon tetrachloride and cyclohexane.

—Thus the choice of the dliuents is very important not only for synergic

enhancement, but also for the effective separation of complexes with different

compositions.
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