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The distribution of scandium(III) at a tracer concentration was determined between chloro-

form with acetylacetone or thenoyltrifluoroacetone and 0.1 M aqueous perchlorate solutions at
25℃, The change in the distribution ratio of the metal ion with the change in the chelating acid

concentration or with the change in the hydrogen-ion concentration was explained in terms of the 

extraction of the tris chelate complexes into the organic phase and the formation of the primary 

complexes in the aqueous phases. The equilibrium constants in these systems were determined 

eranhically. by a curve-fitting method to be as follows:

Acetylacetone (AA) and thenoyltrifluoroacetone 

(TTA) in various organic solvents have been used 
for the extraction of scandium(III) in aqueous 
solutions.1-5) 

For the present paper, the authors studied the 
distribution of trace amounts of scandium(III) 
between chloroform solutions of AA or TTA and
aqueous solutions of 0.1 M (Na, H)Cl04  at 25℃;
they also determined the extraction constants and 
the stability constants of scandium(III) aqueous
complexes with these β-diketones.

Statistical Treatment 

The distribution equilibrium of scandium(III) 
in an aqueous phase into an immiscible organic 
phase with an organophilic chelating acid, HA, 
may be described as follows:

(1) 

(2)

In the equations, the subscript "org" denotes a 

species in the organic phase, while the absence of 

a subscript denotes a species in the aqueous phase. 

The concentration of scandium in the two phases

may be determined radiometrically, and the net 

distribution ratio may be defined as:

(3)
When it is assumed that (i) scandium(III) 

exists in the aqueous phase only as Sc3+ or as 
the chelate complexes, ScA2+, ScA2+,.., and that 

(ii) scandium(III) exists in the . organic phase 
only as the neutral tris chelate complex, ScA3i 
the net distribution ratio in Eq. 3 may be de-
scribed as:

(4)

The statistical treatment of the distribution ratios 

may then be carried out by applying the law of 

mass action.6) 

 The complex formation equilibria in the aqueous 

phase may be described as:

(5) 

(6)

By introducing Eqs. 2 and 6 into Eq. 4, the follow-

ing equation is obtained:

(7)
 The chelating acid is distributed between the 

two phases as :

(8) 

(9)
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The chelating acid may dissociate in the aqueous 

phase as :

(10) 

(11)

When a certain volume of an organic phase with 
the chelating acid at an initial concentration, 

[HAIo,g, Initial is equilibrated with an aqueous 
phase of the same volume, the following equation 
holds :

(12)

From Eqs. 9, 11 and 12, the following equations 

can be introduced:

(13) 

(14)

Thus, the values [A-] and [HA],, at the equilib-
rium can be calculated from the initial concentra-
tion of the chelating acid in the organic phase, the 
hydrogen ion concentration, and the two equilib-
rium constants, KD and Kα. The extraction con-

stant and the stability constants of the scandium 
complexes may then be determined by introducing 
these values into Eq. 7. 

Experimental 

Reagents.-Scandium-46 was obtained from the 
New England Nuclear Co., U. S. A., as a hydrochloric 
acid solution. This was diluted with 0.1 M perchloric 
acid and used as the stock solution. All of the reagents 
were of a reagent grade. Acetylacetone and thenoyl-
trifluoroacetone were obtained from Dojindo & Co., 
Ltd. The sodium perchlorate was recrystallized two 
times from water. The chloroform was washed three 
times with water. The other reagents were used without 
further purification. 

Procedures.-All of the procedures were carried
out in a thermostatted room at 25±0.5℃. Stoppcrcd

glass tubes (volume: 20 ml.) were employed to equilib-
rate the two phases. The tracer solution, a buffer 
solution, a 0.1 M sodium perchlorate solution, and 
finally a chloroform solution of acetylacetone or thenoyl-
trifluoroacetone were placed in the tubes. Sulfanilate 
or pyridine (the initial concentration was 0.01 M) was 
used as the buffer. In some experiments, the scandium 
tracer in the aqueous phase was first extracted with 
the chelating acid into the organic phase and the 
scandium in the organic phase was back-extracted 
into fresh aqueous solutions. The initial volume of 
the two phases was always 5.0 ml., and the initial 
concentration of scandium in either the aqueous or
the organic phase was 6×10_5M.

The two phases in the tubes were agitated by a 
mechanical rotator for more than one hour and cen-

trifuged at 2000 r. p. m. for three minutes. A 2-ml. 

portion was then pipetted from both the phases and
transferred into small test tubes. The r-radioactivity

of the solutions was measured with a well-type (NaI)

scintillation counter. A small portion was also taken 
from the aqueous phase, and the hydrogen ion con-
centration was measured potentiometrically, using 
0.010m perchloric acid +0.09m sodium perchlorate 
as the standard of -log [H+] =2.000. 

Results 

Figures 1 and 2 give the distribution ratio of 
scandium(III) in the acetylacetone (AA) systems 
or the thenoyltrifluoroacetone (TTA) systems at 
various hydrogen ion concentrations. Figure 1 
shows the logD vs. -log [H+] plot when the initial 
concentration of the chelating acids in the organic 
phase is 0.100 as while Fig. 2 gives the logD [H+]3 
vs. log [HA]a,, plot when the initial concentra-
tion of the chelating acid is different. In Fig. 1, 
the open circles give the data obtained when the 
tracer was initially added to the organic phase. 
The straight line of slope three in the figures are 
the calculated distribution curves obtained from 
the extraction constants, Kex, in Table II. 

The KD and Ka, values for AA and TTA which 
appear in the literature were introduced into Eqs. 
13 and 14. The equations thus obtained are given 

in Table I.

Fig. 1. Distribution of Sc(III) between chloroform 

 with 0.1 M (initial concentration) chelating acid 

 and 0.1 M (Na, H)ClO4 at 25•Ž as a function 

of -log [H+]. 

Open circles; extraction of Sc(III) in the aque-

ous phase into the organic phase. 

Closed circles; back-extraction of Sc(III) in the 

organic phase into the aqueous phase. 

 The straight line for the TTA plot is log D= 

-3 log [H+]-4 .32 and that for the AA plot 

is log D=-3 log [H+]-9.44.
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Fig. 2. Distribution of Sc(III) between chloro-
form with chelating acid and 0.1 M (Na, H)ClO4 
as a function of the initial chelating acid con-
centration in the organic phase. 
Open circles; acetylacetone (AA) 
Closed circles; thenoyltrifluoroacetone (TTA)

TABLE I. CONCENTRATION OF CHELATING ACIDS

[NTHE TWO PHASES AT 25℃

Organic phase; chloroform 
Aqueous phase; 0.1 M (H, Na)ClO9

(A) HA=Acetylacetone

(B) HA = Thenoyltrifluoroacetone

TABLE II. EQUILIBRIUM CONSTANTS FOR THE 

EXTRACTION AND THE COMPLEX FORMATION

oF scANDIuM(III)AT 25℃

Organic phase; chloroform 
Aqueous phase; 0.1 M (H, Na)C104

Figures 3 and 4 give logD [H+]3[HA]-3org vs. 
log[A-] plot calculated from the data in Figs. 1 
and 2 and Table I. 

From Eq. 7, the following equation is obtained:

(15)

Equation 15 shows that the logD [H+]3[HA]-3p,g 
vs. log[A-] plot will be found to fit one of the family 
of standard curvess-ion:

Fig. 3. Change in the extraction constant of 
Sc(III) with AA as a function of the concentra-
tion of the dissociated chelating acid in the 
aqueous phase. 
The solid curve shows logD [H+]3[HA]-3 org vs.
-log(1+2 .0×108[A-]).

Fig. 4. Change in the extraction constant of 
Sc(III) with TTA as a function of the con-
centration of the dissociated chelating acid in 
the aqueous phase. 
The solid curve shows log D [H+]3[HA]-3org vs.
-log(1+1.3×107[A-]).
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(16)

After several trials, it was found that both of the 

plots in Figs. 3 and 4 fit the standard curve X=
109υ; Y=1og(1+υ). The best-fit constants ob-

tained from the curve-fitting are listed in Table 

II. The solid curves in Figs. 3 and 4 show the 

statistical curves calculated from these constants.

Discussion 

In the present study, the aqueous phase was 
always 0.1 M (Na, H)ClO4, and the hydrogen ion 
concentration was larger than 10-4m. There-
fore, the hydrolysis of SO + in the aqueous phase 
may not be very much, because the hydrolysis
constant of scandium in 0.1 M (NaClO4)  at 25℃
was reported to be [ScOH2+][H+][Sc3+]= 
10-4.71.11) The formation of polynuclear com-

plexes may be negligible because the total con-
centration of scandium in the aqueous phase is
less than 6 × 10-5M; thus, Assumption i described

in the previous section, may be valid in the present 
systems. The scandium complexes in the organic 
phase may be in the ScA3 form in both the AA and 
TTA systems, because no remarkable deviation 
of the plot in Figs. 2 to 4 is observed even when 
the organic concentration of the chelating acid is 
larger or smaller than 0.1 M (cf. Ref. 5). Thus, 
it may be concluded that Assumption ii is also 
valid in the present systems. The distribution 
ratios obtained both by the extraction from the 
aqueous phase and by the back-extraction from the 
organic phase agree within the range of experi-
mental error; this may indicate that the distribu-
tion equilibrium of scandium is established under 
the present experimental conditions. 

The plots in Figs. 3 and 4 scatter somewhat from

the fitted curve given by a solid curve, and as a 

result the limit of the error of the constants will 

be rather large. Therefore, the log Kea are given

to three figures, while the log β1 are given to only

two figures. 
Stars12) listed the extraction constants of scan-

dium(III) into benzene with AA (log Kex=-5.83) 
and TTA (log K,.,=-0.77). 

Wakahayashi, Oki, Omori and Suzuki18) studied 
the distribution of scandium(III) chelate into 
various solvents. They reported that the net distri-
bution ratio of scandium(III) between chloroform 
and 0.1 M (Na, H)Cl04 was logD=0.41 for the AA 
chelate and log D=-0.54 for the TTA chelate 
when -log [A-]=7.80. Their figure for the TTA 
chelate seems to agree with the present results, 
but their value for ,the AA chelate seems to be a 
little higher. They did not give any constants 
for the complex formation in the aqueous phase. 

Izatt and his co-workers14) gave the stability 
constants for the AA complexes of scandium(III)
at zero ionic strength and at 30ｰC as log K1=8.0

and log K2=7.2(log β2=15.2). The log K1 in their

work is of the same order as that in the present work, 
but the formation of a secondary complex of the 
log R, around 15 can not be concluded from the 
present results (cf. Fig. 3). 

No stability constant for scandium TTA com-
plexes seems to have been reported. 
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