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The rate of extraction of molybdenum (VI) from halide medium by 2-thenoyltrifluoroacetone (ITA) in carbon
tetrachloride is first order with respect to the initial concentration of the metal in the aqueous phase, second order with
respect to the chelate concentration in the organic phase and inversely second order with respect to hydrogen ion concen-
tration. The rate determining step is the 1 :2 complex formation in the aqueous phase. The species extracted is Mo02-
(TTA)2' The rate constant for this reaction is 8.4 x 10-" min-I• The addition of a solvating solvent helps to attain
the extraction equilibrium immediately. Synergistic studies with mixtures of TTA and di-n-pentyl sulphoxide (DPSO)
have established the extraction of metal species Mo02(ITA)2.2DPSO in the perchlorate medium; HMoOa (ITA)
CI2.DPSO and HMo02CI a-3DPSO are the additional species in the chloride medium.

A survey of literature shows that little attention
has been paid to the study of the solvent
extraction of Mo(VI) by chelates under

non-equilibrium conditions. In addition to the
use of distribution phenomena as a means of studying
chelate formation equilibria, in favourable cases,
it provides a simple technique for the determination
of rate constants of chelation reactions. The extr-
action of the metal from halide medium by acetylace-
tone.' dibenzoylrnethane! and 2-tfienoyltrifluoro-
acetone" chelates have been studied under equili-
brium conditions. The steps involved in the forma-
tion of the chelate are loss of water molecules from
the metal hydrate and addition of the first and second
ligands. The present paper deals with a kinetic
investigation of the extraction of Mo(VI) from
halide medium by TTA with a view to elucidating
the mechanism of extraction and identifying the
rate-determining step. The slow rate of extraction
by the chelate may be improved by the addition of
a solvating solvent; studies have been made on the
extraction of Mo(VI) from both perchlorate and
chloride media using mixtures of TTA and di-n-
pentyl sulphoxide (OPSO).

Materials and Methods
Di-x-pentyl sulphoxide was synthesised according

to the procedure already described", TTA was a
Fluka A. G. reagent and was used as such Molyb-
denunuv l) was estimated spectrophotometrically
using a Toshniwal spectrophotometer.

Determination of extraction coefficients - After
shaking equal volumes of the two phases at 30± 10

for different intervals of time, they were separated.
The phases were agitated rapidly so that the rate of
extraction was independent of the shaking of the
phases. The metal content in th~ aqueous l?h~se
was determined spectrophotometncally by dithiol
methods. In extraction systems containing the
sulphoxide, the extraction equilibrium was attained
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within 5 min. The distribution coefficient, D, was
taken as the ratio of the metal concentration in the
organic phase to that present in the aqueous phase.

The rate of extraction of Mo(VI) into the aqueous
phase with TTA may be represented" by Eq. 1.

- d[~?~ = k [Mo6+]a [TTA]~rg [H+]c [Cl-]d ... (1)

If the extractant, hydrogen and chloride ions are in
large excess in relation to Mo(VI), the rate expression
can be written as,

d[M 06+] _ [M 6+]a (2)- dt - q 0 ..

where q is the product of rate constant, k, and the
other concentrations which are kept constant. When
the reaction order with respect to Mo6+ is unity,
Eq. (2) takes the form,

- log [MoG+] = qt + Co ... (3)

where Co is a constant. As seen from Eq. (3), the
plot of -log [Mo6+] against t should be linear with
a slope of q.

The reaction order with respect to other species in
Eq. (I) can be determined when three of the con-
centrations out of four are kept constant.

log qu+ = log k [TTA]~rg [C]-]d + clog [H+] ... (4)
logqcl =log k[TTA]~rg [H+]C + d ]og[CI-] .. (5)

and 10gqTTA = logk [H+]c [Cl"]" + blog[TTA] .. (6}

Results and Discussion
The plot of -log [Mo6+] against t is linear showing

(Eq. 3) that the order with respect to the metal is
always unity. Again the linear plot of log qTTA
against log [TT A] has a slope equal to 2 indicating
the second order dependence of TT A concentration
of the organic phase (Eq, 6). Further the slope of
the linear plot of log qH+ against - log [H+] is 2;
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confirming the inverse second order with respect
to the H+ ion concentration in the aqueous phase
(Eq.4).

The effect of chloride ion concentration on the
rate of extraction in the range 5.3-6.3 M was
studied with O.lM TTA at 0.1 M H+ ion concen-
trations. It is found that the rate of extraction
is independent of the concentration of the salt in
the aqueous phase. Under the present experimental
conditions rate constant, k, has been evaluated as
8.4 x 10-3 min-I•

The foregoing results suggest the following overall
extraction mechanism:

fast
HIT Aorg - HTT Aaq (i)

slow
MoO~+aq + 2HTTAaq :r= [Mo02(TTA)2]aq

-\- 2H;q (ii)

fast
[MoOz{TTA)2]aq o;=!: [MoOlTTA)2]--- (iii)

The low rate of extraction of MoO~+ ion in the
aqueous phase with the chelate may not be due to
the slow substitution of the hydrated water; this is
important only for such metal ions with larger charge
and/or small radius. A second order dependence
upon the concentration of the chelate shows that
step (ii) is the rate determining step.

Studies under equilibrium conditions : Extraction
by TTA - The extraction of Mo(VI) from perchlor-
ate and chloride media by TT A can be represented
by Eq. (7),

K
MoO~+ + 2HITA:r= Mo02(TTA)2 + 2H+ .. (7)

The equilibrium constant, K, is given by

[Mo02(TTA)2] [H+]2
[MoO~+] [HTTA]2
= D. [H+]2 [HTTA]-2

where D is the distribution coefficient of Mo(VI).
A second order dependence of log D on log M ITA
has been observed (Fig. 1) from (H+ = O.IM and
CI-/Cl 0- 4 = 6.0M) chloride/perchlorate media, as
expected. The value of the equilibrium constant is
0.326.

Extraction by DPSO - The slope analysis method
for the extraction of Mo(VI) from hydrochldric
acid solutions by DPSO (studied by varying [DPSO],
[Mo(VI)], [Cl"] and [H+] in the range of experi-
mental conditions) showed the transfer of HMo02
C13• 3DPSO into the organic phase.

Synergistic extraction of Mo (VI) by TTA + DPSO
mixtures - The addition of neutral extractant,
DPSO enhances the extraction and the extraction
equilibrium is attained within 5 min. The rapid
rate of extraction may be due to the extraction of
the first complex, Mo02(TT A) CI, as a mixed
adduct, Mo02(TTA)Cl.nDPSO, in the presence of
DPSO. In the organic phase IT A rapidly substi-
tutes the anion of the metal adduct completing the

K=

chelation (Mo02(ITA)2' nDPSO). The synergi-
stic extraction may be attributed to the formation
of extractable mixed ligand complex, generally
represented by the Eq. (9),

M0022+ + xHTTA + nDPSO :r= MoOlTTA)",.
nDPSO + xH+ .. (9)

Distribution studies were carried out from per-
chlorate medium (H+ = O.lM and ClO~ = 6.0M)
by keeping [DPSO] at 0.03M and varying [TTA]
in the range 0.01-0.06M. The natures of the metal
species transferred into the organic phase have been
established by plotting log DSyn,TTA(Dobs - DoPSO)
against log [TTA]. The log -log plot is linear
with a slope of 2 (Fig. 2). At constant [TTA] =
0.03M, the linear plot (Fig. 3) of log Dsyn,opso
against log [DPSO] has a slope equal to 2. Thus
the species, Mo02(TTA)2' 2DPSO, seems to be
involved in the extraction, without the association
of the anion, ClO~.

On the other hand, the extraction of Mo(VI)
from chloride medium (H+ = O~lM and CI- = 6.0M)
by mixtures of DPSO and ITA involves chloride
ion participation (Fig. 4). The effect of Cl- concen-
tration over the range 5.0-7.0 M has been studied at

e-s ,---------- __ --, 0-2

0-1

1-2

-eX 0'5
U~

0-7 0-0

o 0-3

rs

(8) 1-7 '-----::L----::'----=''-------'_----='_-::: 1-0
~ ~ k M ~ ~

LOG 101 ITA

Fig. 1 - Variation of D of Mo (VI) with concentration of ITA.
[Aq, Phase: H+ = O_1M; Cl-/C104 = 6.0M]
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Fig. 2 - Variation of D of Mo (VI) with concentration of
ITA at a fixed DPSO concentration. [Aq, phase : H+

= O.IM; Cl-/ClO~ = 6.0M]
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Fig. 3 - Variation of D of Mo (VI) with concentration of
DPSO at a fixed ITA concentration. [Aq. phase : H+

= O.IM; Cl-jClOi = 6.0M]

constant molarity of H+ (O.IM) from mixtures of
HCI + LiCl. The mean ionic activity coefficients of
this mixed electrolyte system have been calculated'.
The slopes of log D-Iog a Cl- (logarithm of mean
ionic activity of HCI at constant H+ concentration)
are nearly 2 and 3.

Fig. 2 presents data on the variation of Dsyn,TTAof
Mo(VI) with the concentration of ITA, at fixed
concentration of DPSO Depending on the com-
position range of the mixture, the slopes of log-log
plots vary between zero and two indicating that 0-2
molecules of ITA are associated with the extraction
ofthe metal from the chloride medium. For example
at a given high concentration of DPSO (0.03M)
and at low concentration range of TTA (0.005M-
O.OIM) the log-log plot with zero slope shows the
negligible participation of TTA in the extraction
process. As the concentration range of TTA is
increased while decreasing the given concentration
of DPSO, the participation of TTA in the extrac-
tion of the metal becomes more pronounced. Fig. 3
shows data on the variation of Dsyn,DPSOof Mo(VI)
with the concentration of DPSO at a fixed concen-
tration of TTA. It is seen that depending on the
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concentration of TTA used as compared to that of
DPSO, the slopes of log-log plots vary from I to 3;
these observations clearly suggest the presence of
three complexes with average DPSO solvation
numbers one {[TTA1» [DPSOl}, two {[TTA] ~
[DPSO]}, and three {[TTA]« [DPSOl}.

Thus, on the basis of the data in Figs. 1-4, the
metal species Mo02 (TTA)2' HMo02 (TTA)Clz.
DPSO, MoOz (TTA)2.2DPSO and HMoOzCI3•
3DPSO seem to be simultaneously involved in various
proportions in . the extraction of Mo(VI) from
chloride medium into mixtures of TTA and DPSO.
The species that are common in the extraction of Mo
(VI), both from perchlorate and chloride media, are
MoOlTTA)2 and Mo02(TTA)z' 2DPSO.
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