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The solvent extraction of Pr, Gd and Yb with thenoyltrifluoroacetone 
solutions in C6H 6, CHCI 3 and CCI~ at 288 K, 298 K, 308 K and 318 K has been 
investigated. The values of the equilibrium constant have been calculated as well as 
the values of the thermodynamic parameters AH, A S and A G. The temperature 
effect on the solvent extraction of lanthanides with thenoyltrifluoroacetone is 
discussed. 
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Einflufl der Temperatur auf die Extraktion einiger Lanthanoide mit 
Thenoyltrifluoraceton 

Es wurde die Extraktion yon Pr, Gd und Yb mit L6sungen von Thenoyltrif- 
luoraceton in C6I-I6, CHC13 und CC14 bei 288K, 298K, 308K und 318K 
untersucht. Es wurden die Gleichgewichtskonstanten fiir die untersucht3n 
Metalle, L6sungsmittel und Temperaturen sowie die Werte der thermodynamis- 
chen Parameter A H, A S und A G berechnet. Der Einflul3 der Temperatur auf die 
Extraktion yon Lanthaniden wird diskutiert. 

Introduction 

Chelating extractants are used often for the solvent extraction of 
metals 1-3 but the temperature effect on the extraction process has not 
been studied extensively so far, although some investigations for the 
extraction of  Co, Zn, Cd, Eu, Tb with thenoyltrifluoroacetone (HTTA) 
have been done *-1<17. Recently, data on the temperature effect on the 
extraction of Zn with LIX34 (8-alkarylsulfonamidoquinoline) were 
published ~ 5. 
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The present work was undertaken to give more information about  the 
influence of temperature on the solvent extraction of Pr, Gd and Yb with 
solutions of  HTTA in C6H6, CHC13 and CC14. 

Experimental 

HTTA (Merck) and Arsenazo III (Fluka) were p.a. The metal solutions were 
prepared from the oxides P, r6Oll, Gd203 and Yb:O 3 (Fluka, p.a.). All other 
reagents used were of A.R. quality. 

The metal extraction was studied at 288K, 298K, 308K and 318K. The 
temperature was measured with an accuracy of 0.1 °. The ionic strength was 
maintained at 0.1 M with (Na, H) C1. The aqueous phase acidities were measured 
with an accuracy of 0.01 pH unit. 

The initial concentration of the metals was 2.5.10 -4 M in all experiments. 
The procedures were identical to those used in our previous study 16. 

Results and Discussion 

It  is well known 3 that the extraction of lanthanides with HTTA can be 
expressed by the equation 

3 +  Ln(aq) + 3 H TTA(org ~ ,~- Ln(TTA)3(org ) + 3 H + (aq) 

where Ln = Pr, Gd, Yb, aq. and org. are aqueous and organic phase. It  
may be shown easily that 

logD = l o g K +  3 log [HTTA] + 3pH 

where D is the distribution coefficient and K is the equilibrium constant. 
I f  the concentration of the extractant is constant i.e. [HTTA] >> [Ln] 

and the polymerization in the organic phase as well as hydrolysis and 
complexation in the aqueous phase occur to a negligible extent, the plots 
of log D vs. pH will be straight lines of slope 3. The experimental data for 
the extraction of Pr, Gd and Yb with solutions of HTTA in C6H6, CHC13 
and CC14 at 288K, 298K, 308K and 318K are shown in Figs. 1-3. The 
plots represent straight lines of  slope 3. This proves that the composition 
of  the extracted species really is Ln(TTA)3. The values of  the equilibrium 
constant of the metals at various temperatures were calculated from the 
experimental data. They are given in Table 1. The increase of  the 
temperature leads to an increase of the extraction. The same effect of 
temperature was found for the formation of some other lanthanide 
chelates 11,14. The values of A H and A Scan be determined from the values 
of the equilibrium constant at various temperature taking into account the 
equation In K = - -  A H/RT + A SIR. Plotting in K vs. 1/T should result in 
a straight line with a slope of - -  A H/R and an intercept of A S/R, as is 
shown in Fig. 4. The equations for the best fits of  the plots of  In K vs. l IT 
along with the correlation coefficients and the values of  A H and A S are 
given in Table 2. The values of  A G are obtained from the equation A G 
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Fig. 1. logD vs. p H  for the extraction of Pr, Gd and Yb with HTTA in CC14. 
1,318 K; 2, 308 K; 3, 298 K; 4, 288 K. Pr opened circles; Gd closed circles; Yb 
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Fig. 2. logD vs. p H  for the extraction of Pr, Gd and Yb with HTTA in C6H 6. 
J, 318 K; 2, 308 K; 3, 298 K; 4, 288 K. Pr opened circles; Gd closed circles; Yb 
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Fig. 3. logD vs. pH for the extraction of Pr, Gd and Yb with HTTA in CHC13. 
1, 318K; 2, 308K; 3, 298K; 4, 288K. Pr opened circles; Gd closed cirles; Yb 
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Table 1. Values of  the equilibrium constant for the extraction ofPr, Gd andYb with 
HTTA in C6H6, CHCI 3 and CC14 at various temperatures 

Metal Diluent log K 

288K 298K 308K 318K 

Pr 

Gd 

Yb 

C6H 6 --9.28 ± 0.08 --9.02 ± 0.03 --8.83 ± 0.02 --8.52 ± 0.02 
CHC13 --9.81 ±0.06 --9.61 _+0.06 --9.31 +_0.06 --9.06_+0.07 
CC14 --10.04 -+ 0.06 --9.81 Jr 0.03 --9.59 ± 0.05 --9.30 _+ 0.03 

C6H 6 --7.96 ± 0.06 --7.72 ± 0.03 --7.43 +_ 0.08 --7.23 -+ 0.06 
CHC13 --8.60 ± 0.03 --8.35 ± 0.06 --8.07 +_ 0.03 --7.87 ± 0.06 
CC14 --8.88 _+ 0.06 --8.64 _+ 0.06 --8.35 _+ 0.03 --8.15 _+ 0.06 

C6H 6 --6.98 +_ 0.03 --6.70 _+ 0.03 --6.46 +_ 0.03 --6.20 _+ 0.06 
CHC13 --7.54 _+ 0.06 --7.30 -+ 0.04 --7.03 -+ 0.03 --6.81 ± 0.03 
CC14 --7.70 _+ 0.04 --7.45 _+ 0.07 --7,16 _+ 0.03 --6.96 +_ 0.06 

= - - R T l n K  at 298 K. The values o f  the thermodynamic  parameters  are 
based on the concentrat ions rather than activities o f  the species in the 
solution. However,  it is known that  '°the behaviour  of  such systems closely 
approaches ideality" ~. So it can be expected that  these parameters  will not  
vary considerably f rom those calculated using activities. 
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Fig. 4. In Kvs. 1/Trot the extraction ofPr, Gd and Yb with HTTA in C6H6, CHC13 
and C C l  4. 1,[, CC14; 2, CHC13; 3, C6H 6. Pr opened circles; Gd closed circles; Zb 
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It is seen from the data given in Table 2 that the values of A H are 
positive and practically equal for all metals. The positive values of  A H 
were expected because the formation of chelate complexes not only of 
lanthanides but of some other metals is an endothermic process 4~6. It is 
accepted that water molecules from the inner coordination sphere of the 
metal ion in the aqueous phase are replaced by the chelating extractant. It 
is noted however, that the replacement of water molecules from the 
hydrated lanthanide ions with composition Ln(H20)~ where x = 8 or 9 
should cause a positive entropy change which has not been found by the 
author ~ 1. 

Our data show that the values of A S are negative for Pr and Gd and 
positive for Yb. Probably, the variation of  the sign is due to a difference in 
the hydration numbers of the metals. Such a difference between the lighter 
and the heavier lanthanide ions has been pointed out 18. 

The values of  the thermodynamic parameters for some lanthanides 
(Eu mainly) were given earlier 11,13, I4. The data for Gd obtained in the 
present work have the same signs and similar values as those for Eu 
obtained by Bhatti  11 and Kandi114. 
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Table 2. Equations, AH, AS, A G, and correlation coeffieient values jbr the variable 
temperature extraction of  Pr, Gd and Yb with HTTA in C6H6, CHC13, and CC14 

Metal Diluent Eq. for In K Correlation A H a A S b A G ~ 
coefficient kJ/mol J/tool. deg kJ/mol 

5239.7 
C6H6 - 3.20 0.997 43.6 - -26.6  51.5 

T 

5417.7 
Pr CHC13 - 3.84 0.997 45.0 - -31.9  54.6 

T 

5166.3 
CCI~ - 5.22 0.998 43.0 - -43.4  55.9 

T 

5266.1 
C6H 6 - 0.06 0.999 43.8 - -0 .5  44.0 

T 

5247.0 
CHCI 3 - 1.58 0,999 43.6 - -  13.2 47.6 

T 

5256.3 
CC14 - 2.21 0,998 43.7 - -  18,3 49,2 

T 

5465.7 
C6H 6 - + 2.91 1.000 45.4 24.2 38.2 

T 

5217.6 
CHC13 - + 0.74 1.000 43.4 6.2 41.5 

T 

5311.9 
CC14 - ~- 0.71 0.998 44.2 5.9 42.3 

T 

Gd 

Yb 

Estimated standard deviation ~ 2.3 kJ/mol. 
b Estimated standard deviation ~< 7.4J/mol-deg. 
c Estimated standard deviation ~ 0.4 kJ/mol. 

References 

1 Marcus Y., Kertes A. S., Ion Exchange and Solvent Extraction of Metal 
Complexes, chapter 8. New York: Wiley-Interscience. 1969. 

2 De A. K., Khopkar S. M., Chalmers R. A., Solvent Extraction of Metals. 
London: Van Nostrand Reinhold. 1970. 

3 Stary J., Freiser H., Equilibrium Constants of Liquid-Liquid Distribution 
Reactions. Part IV. Chelating Extractants. Oxford: Pergamon Press. 1978. 

4 Khalifa S. M., Aly H. F., J. Inorg. Nucl. Chem. 42, 1189 (1980). 
5 El-Atrash A. M., Kandil A. T., Souaya E. R., Georgy W., J. Radioanal. Chem. 

43, 73 (1978). 
6 Kandil A. T., E1-Atrash A. M., J. Radioanal. Chem. 46, 173 (1978). 
7 Nash K. L., Choppin G. R., J. Inorg. Nucl. Chem. 39, 131 (1977). 

Subramanian M. S., Pal S. A., J. Inorg. Nucl. Chem. 32, 3677 (1970). 



Extraction of Lanthamides 743 

9 Kassierer E. F., Kertes A. S., J. Inorg. Nucl. Chem. 34, 3221 (1972). 
lo Mathur J. N., Pai S. A., Khopkar P. K., Subramanian M. S., J. Inorg. Nucl. 

Chem. 39, 653 (1977). 
11 Bhatti M. S., J. Radioanal. Chem. 57, 69 (1980). 
12 Choppin G. R., Separ. sci. and Technol. 16, 1113 (1981). 
13 Kandil A. T., Aly H. F., Raieh M., Choppin G. R., J. Inorg. Nucl. Chem. 37, 229 

(1975). 
14 Kandil A. T., Farah K., J. Inorg. Nucl. Chem. 42, 1491 (1980). 
~5 Hob Y. C., Chuang W. S., Hydrometallurgy 10, 123 (1983). 
16 Dukov I. L ,  Kassabov G. L, ALNimri A. F,  Monatsh. Chem. 114, 273 (1983). 
17 Yamada E., Nakayama E., Kuwamoto T., Fujinaga T., J. Chem. Soc. Japan 55, 

3155 (1982). 
t8 Choppin G. R., Friedman H. G., Inorg. Chem. 5, 1599 (1966). 


