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INTRODUCTION

SOLVENT extraction has been used! extensively to study complex formation
between a metal and a ligand. The technique has also been extended to
study competitive reactions® * in systems containing a metal and two ligands,
A and X, in which only the complexes of the auxiliary ligand, A, arc extracted
in the organic solvent. This is generally done by measuring the variation
in the distribution ratio of the metal at a constant concentration of the
auxiliary ligand at various concentrations of the complex-former. The
study of indium-lactate complexes, using TTA as an auxiliary ligand, is
presented here.

EXPERIMENTAL

In-114 m, used in the present work, was obtained {rom Isotope Division
B.A_.R.C. Thenoyl trifluoroacetone was purified by vacuum distillation and
carbon tetrachloride (B.D.H., A.R.) was used as the solvent. All experi-
ments were carried out at a constant ionic strength of 1-0 by the addition
of sodium perchlorate obtained by neutralising standard sodium hydroxide
and perchloric acid (E. Merck, G.R.). The pH of the aqueous phase was
measured with a Cambridge Bench Type pH meter. The optical density
of TTA solutions was measured with a Beckman DU Spectrophotometer
in the UV range.

Equal volumes of the aqueous phase containing indium, lactic acid
when necessary, sodium perchlorate and perchloric acid and the carbon
tetrachloride phase containing TTA (0-01 to 0-1 M) were cquilibrated in
a mechanical shaker for 8~12 hours.  The phascs were then separated and
indium in the organic phase was stripped with an aqueous phase of ncarly
the same composition as that used for extraction but of higher acidity. This
procedure eliminated the need for correction for the absorption losses-



152 M. SUDERSANAN AND A. K. SUNDARAM

Radioactive measurements were made using a liquid G.M. Counter (M /s. Elec-
tronics Corporation of India, Flyderabad). A quenching unit was also
incorporated which cnabled statistical corrections to be made when the
counting rate was morc than 2,000 c¢.p.m.

RESULTS AND DISCUSSION

The reaction between indium and thenoyl triffuoroacetone (HTTA)
can be described by the general equation

Ints - nTTA- < In (TTA),® ™ (1)

Hydrolysis and polymerisation of indium can be neglected in view of the
low concentration of indium and the pll range of investigation. Since
only the neutral complex, Ln(TTA),. is extracted in the organic phase,
the distribution ratio of indium can be written as

In (TTA), o
D, — [_._,1.1&[.&,{];(1)ﬂg_l_.A , )

Indium is present in the aqueous phase as In (TTA),. The partition coefli-
cient, Py, of In (TTA); is given by

. [Iﬂ (TTA)l’S](u' x
Py = 1in(TTA) ] - 3)
Hence, eq. (2) can be written as
. P8, [A]?
D, == IEE]
T B IAL R A AT 1 By [AT? @

where [A] represents the concentration of (TTA) and A’s represent the
overall stability constants.

Eq. (4) can be rearranged to obtain
_ . 1 s -
D [AP == P8, B TAL BB TA 1 By [ATY. (5)

The distribution ratio (Fig. 1) was measurced at different concentrations
of HTTA and pH. The concentration of the anion was calculated from
the pK value of 6-:20* from

. [H][TTA]

K= @rTa), - PuatD (©6)
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where Dy, represents the distribution ratio of HTTA. This was determined
in a separate series of experiments by equilibrating HTTA in carbon tetra-
chloride with sodium perchlorate and analysing the aqueous phase by
Spectrophotometry. The value of [Pyf;] was obtained from the intercept
of a plot of Dy* [AJ® vs. [A]. The stability constants were calculated by
the extrapolation method by Rydberg! and by the two-parameter method
of Dyrssen and Sillen® and are listed in Table I

TABLE I

Indium-TTA complexes
Log Py By;=20-3

Log Graphical Two-parameter Literature

B method method value

By 6-51 6-22 6-0°

B, 11-97 11-9 12:0 11-67
B, 17-17 17-0 180

In the presence of lactate, the distribution ratio can be written as:

D=, [In (A)319!L_ e (7)
[In] + [InA] + [InA,) + ... + [InX] + [InX,] + ...

where [X] denotes the lactate ion. Representing the stability constants of
indium-lactate complexes by B,’, we obtain

D= tePa AP 8)
E B [AI" + 3 ' [XI"

Eqs. (4) and (8) can be combined to obtain
N -
Pofy [AJ} (D7 — D) = Z' B’ [X]" = Fo. )

Eqs. (4) and (8) can also be combined to obtain

N
L Ehbre 5 B X"
D1 =2 1 .

(10)
% Bn [AI"
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If it is assumed?, as has been done by several workers, that the complexes
of the auxiliary ligand are negligible in the aqueous phase, i.e., the term

N - . .
5 Bn [A]* is zero, the above expression reduces to
1

(DD — 1 = .>: B’ (X)® = F,. (1

The relative accuracy of the two methods [egs. (9) and (11)] has been
tested earlier.® It has been shown thateq. (11) is applicable only at very low
concentrations of the auxiliary ligand and a limitation is set in the measure-

ment of low values of the distribution ratio.

32k PPN -0
TTA-M
1.6F s - 910
a - 0.05
a - 0.02
s o - 0.01 ;
8 of
= [
~16F
{
~3.2}
o 4 1 N 1 1 .
7.5 6.3 5.1 3.9

pA

In-TTA :LOG D, vs. pA
Fig, 1
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The distribution ratio, D, was measured in the presence of TTA at
different concentrations of lactic acid. The concentration of lactate was

i LOG Fq

LOG F,

2.6¢

2.0

1.4

v8r

v0.2¢

~0.6

3 -
o = PyfaA (07120
¢ - (0,07 -1)
3.2 2.4 1.6

=106 [ LACTATE ]

PLOT OF FyAND Fy vs, LOG [LACTATE ]

Fic. 2

TABLE 1T
Indium-lactate complexes

Lo Graphical -Method of Literature

i method  least squares  valuel®
B’ 3-11 3-17 30
By 6:30 6-27 56
By 821 8:25 o
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calculated from the pH of the solution and pK value of 3-86°. The corres-

ponding value of D, was read from the graph (Fig. 1). The function F,

* was calculated from eq. (9) (Fig. 2). It can be seen from Fig. 2 that the
values of F, calculated from eq. (11), are lower as the presence of the auxili-
ary ligand complexes has been neglected (loc. cit.). No attempt was, there-
fore, made to analyse this function for the stability constants.

3br

-7
st 10

~N

(-]
o]

/ A
20 1

B A 4%
16F - :

Fy x 1079 ;

F‘ x 10—3 ;

%
[ Lactare ] 10° M

SOLUTION OF F, FUNCTION

Fic. 3

The stability constants were calculated from F, by the graphical
method (Fig. 3). The values were also calculated by a generalised least
square method using a Fortran Program with computer CDC-3600 (Table
II). Negatively charged higher complexes are possible but could not be




detected in the range of concentration of investigation.
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The stability con-

stants of the three complexes arc:

9.

10.

log B’y = 3-17;

Marcus, Y. and
Kertes, A. S.

Connick, R. E. and
McVey, W.

Day, R. A., and
Stoughton, R. W.

Rydberg, J.

Dyrssen, D. and Sillen,
L. G.

Schweitzer, G. K. and
Anderson, M. M.

R.ossotti, F. J. C. and
Rossotti, H.

Sudersanan, M. and
Sundaram, A. K.

Martell, A. E. and
Sillen L. G.

Janos, T.

log B’, == 6-27 and log ", — 8-25.
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