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Organophosphorus reagents as extractants:
Part 2-Synergic effect of triphenyl
phosphine oxide on the extraction of
Co(lI)jZn(lI) from binary mixtures
with Cr(III), Ag(I), Hg(II), Mg(lI)

or AI(III) using 8-hydroxyquinoline
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Suitable combinations of 8-hydroxyquinoline (HQ)
and triphenylphosphine oxide(Ph3PO) showsynergismof
10-12% in the extraction ofCo(I1) and Zn(I1)compared to
the use ofHQ alone. At the synergicpoints, Co(II)jZn(II)
are separated from their binary mixtures with Cr(III),
Ag(I), Hg(I1), Mg(lI) or Al(III). The recovery is 95-97%
and the nature of the species is CoQ2(Ph3PO) and
ZnQ2(Ph3PO)2 respectivelyfor Co(II) and Zn(II). The eff
ects ofpH of solutions, dilution of the phases and various
anions are studied.

Organophosphorus reagents like trioctylphosphine
oxide (TO PO) and tributylphosphine oxide (TBPO)
have been reported to act as synergists in the extract
ion of Co(II) or Zn(II) using ~-diketones, I-phenyl
3-methyl-4-( trifluoroacetyl )pyrazol- 5-one and
8-hydroxyquinoline!-s. However, separations of
Co(II) or Zn(II) from binary or ternary mixtures have
not been attempted. Since the aryl substituents show
higher extractions9, we decided to use Ph3PO along
with HQ for liquid-liquid extraction studies ofCo(lI)
and Zn(II).

Experimental
Stock solutions ofHQ(O.IM) and Ph3PO!O (0.2M)

were made in CHCI3; those of CoClz.6H20(0.01M)
and ZnS04.7H20 (0.01M) were made in water. For
studying the effect of other metal ions, solutions of
different molarities were prepared. Each solution was
standardised using 0.01 M EDT A with xylenol ora
nge as the indicator!!. A stock solution of o-phenant
hroline (0.05M) was also prepared. All the solvents
and materials were of reagent grade and purified bef
ore use.

Procedure for extraction
WithHQ:ToaO.Ol MsolutionofCo2+ (1 ml),4mlof

distilled water was added and the resulting mixture

was equilibrated (15min) with 5 ml ofHQ. For the Zn2+

system, the quantities used were: I mlofO.0IMZn2+
solution, 7 ml of distilled water, 5 ml of HQ and 3 ml of
o-phenanthroline (o-phenanthroline avoids precipi
tation ofHQ as its hydrate in CHCI3Iayer). The metal
contents We1'edetermined from the organic and aque
ous layers. For the organic layer, stripping with I ml
of cone. HCl and 5 ml of distilled water transferred the
metal ions to the aqueous phase.

With Ph3PO: Co(lI) showed no extraction, while
for Zn(II) the procedure was the same as above except
that no addition of o-phenanthroline was required.

With Ph3PO and HQ: The following solutions were
used: (i) C02 + (1 ml), HQ (5 ml), Ph3PO (5 ml) and
distilled water (9 ml) (ii)Zn2+ (I ml), HQ (5 ml), Ph3PO
(5 ml), o-phenanthroline (3 ml) and distilled water (12
ml). Rest of the procedure was the same as indicated
above. For the separation ofCo(II)jZn(lI) from bin
ary mixtures, the volumes used were: (i) C02 + solution
(1 ml), metal salt solution (1 ml), HQ (5 ml, 0.09M),
Ph3PO (5 ml, 0.05Af), distilled water (9 ml).

(ii) Zn2 + solution (I ml), metal salt solution (I ml),
HQ (5 ml, 0.09 M), Ph3PO (5 ml, 0.01 M), o-phen (3
ml) and distilled water (12 ml).

Co(lI) was e.stimated spectrophotometrically us
ing sodium N, N-diethyldithiocarbamate!2; Zn(lI)
by EDT A!! , Hg(II) and Ag(I) by KSCN!! and other
metal ions by O.IM EDTA (xylenol orange indicat
or)!!.

The distribution coefficient (Kd) was calculated us
ing the relation:

KJ. = (Amount of Co(II)jZn(II) in organic layer per
ml)j(Amount of Co(lI)jZn(II) in aqueous layer per
ml)

Results and discussion

The extraction ofCo(lI)jZn(II) into CHCl3 by HQ
increased with the increase in molarity of HQ [for
Co(II), increase in [HQ] from 0.01 to O.IOMincreased
% E from 11.7 to 97.4 and Kd from 0.13 to 32.63; for
Zn(II), increase in (HQ] from 0.01 to O.15M increased
% E from 14.9 to 96.3 and Kd from 0.17 to 25.75].
From the plots oflog Kd versus log [HQ], the nature of
the extracted species was found to be COQ2 in the
0.09-0.10M concentration range and ZnQ2.HQ in
0.09-0.15M concentration range.

There was no extraction ofCo(lI) with Ph3PO un
der the experimental conditions, while Zn(II) showed
poor extraction ( ""40% at 0.2M Ph3PO) (Ph3PO,
0.05-0.20M; Krl. 0.07 to 0.67; %E. 6.7-39.9). The nat-
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(a) Variation of PhlPO concentration in the vicinity of 0.05M
caused no effect on extraction.
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In the extraction of Zn(II), a combination of HQ
(0.09 M) and Ph3PO(0.0 IM) showed synergism of ab
out 12%,(% E, 95.0). There was no measurable extra
ction of Zn(II) with 0.01 M Ph3PO when used alone,
and extraction with HQ (0.09M) alone was 83.6%.
The nature of the species is suggested to be
ZnQ2(Ph3P0h. The higher slopes of 2.5 for HQ (at
constant concentration ofPh3PO) and 3 for Ph3PO
(at constant HQ concentration) might be due to the
presence of the excess reagents in the organic phase.

Co(II)/Zn(II) was separated from the binary mixt
ures M(II)-Cr(III), M(II)-Mg(II), M(II)-AI(III),
M(II)-Ag(I) and M(II)-Hg(Il) (M = Co, Zn) at the
synergic points using combinations ofO.09M HQ and
0.05M Ph,PO for Co(lI) and 0.09M HQ and O.OIM
Ph,PO for Zn(II). On adding the following salts
(mg/ml), the Kd and 0;;, E values (single extraction) for
Co(I I) and Zn( II) were found to be ~ 32 ( ~ 97) and
~ 19(~ 95) respectively: CrCl3.6H20 (5.20); MgSO.
4.7H20 (2.43); AlCI,.6H20 (5.38); AgN03( I0.78) and
HgCh (20.06). COt II) interferred in the extraction of
Zn(II) and vice-versa; a ten-fold increase in the conc
entration of the metal salt added had the same effect.

The extractioG became quantitative when slightly hi
gher HQ concentration (i.e. 0.092M) was used.
Hg(II) and Ag(I) got transfered to the organic layer
alongwith Co(II)/Zn(II). The stripping of the organic
layer with conc. HCl released Co(II) to the aqueous
phase, while Hg(II)/Ag(I) remained in the organic
phase. Further stripping of the organic layer with
cone. HN03 facilitated release ofHg(II)/ Ag(l) to the
aqueous layer.

The anions tested (NO), CH3COO-, SOr and
Cl-) caused no interference. Further, there was no
effect of dilution on the extraction, even when organic
to aqueous phase ratio was I :80. The extraction was
maximum in the pH range 4.0-10.0 and poor at
pH =2.0 [22.4%, Co(II); 15.3%, Zn(II)]. Here the pH
of the solution was varied by using Robinson-Britton
buffer (CH3COOH-NaOH).
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Zn(lI) (ii): Keeping (HQ] constant at 0.09M

O.O{)90 5.35 83.

O.O{)92 5.49 84.

0.0094 6.00 85.51
0.0096 6.31 86.

0.0098 9.67 90.3

0.0099 13.10 92.4

0.01 19.37 95.2

Zn(ll) (i): Keeping [PhlPO] constant at 0.01

O.OXO 6.62 86.

O.OX2 7.56 88.

O.OX4 8.57 89..

O.OX6 10.03 90.

O.OXX 15.25 93.

0.089 17.60 94.

0.090 19.38 95.

0.091 31.60 98.

0.092 92.25 98.

Table I Extraction olCo(lI)/Zn(I1) into CHCll by th
combination (HQ + PhlPO)

(pH of the aqueous phase = 6.0]

Co(ll)": Keeping [Ph,PO] constant at 0.05

(HQ] Kd

(M)

ure of the species was found to be znS04(Ph~Oh on

the basis of log Kd versus log[Ph3PO] plot. D e to the
unequal sizes ofP and 0 in PO, the n:-bondin is weak
and thus greater charge density concentratio on ox
ygen enhances its affinity for relatively softer n(II) as
compared to Co(II).

Significantly, when a combination of 0.0 M HQ
and 0.05M Ph,PO was used, Co(Il) showe 97.5%
extraction, registering a synergism of 10% (fo 0.09M
HQ alone, 'Yo E was 86.9) (Table I). Whereas' ncrease
in concentration ofHQ from 0.080 to 0.090 led to
an increase in the extraction of Co(II), there was no
effect on the extraction ofCo(II) when conce tration
of Ph, PO was varied in the vicinity ofO.05M· t const
ant HQ concentration (0.09M). The nature of he ext
racted species is believed to be CoQ2(Ph3P ).
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Fig. I-Variation of Ax with [catalyst]

were determined employing CGLLS (computer
guided linear least squares) developed in this la
boratory.

In order to validate the proposed model, ~x va
lues were calculated using the least square par
ameters at the experimental concentrations (of the
catalysts). The residuals indicate that the proposed
model is correct. Further, the very low values of
the standard deviations of at as compared to its
magnitude corroborates the significance of slope.
The intercept values obtained are not statistically
different from zero. The linear equation ~x = ao +
~ v r :" +~r+~rl fro •• itc 11C •• "•• , '" r",lihr",tion mocleL

Interferences
The effect of succinic, malonic and maleic acids

on ~x in the presence of these catalysts was also
studied. These acids do not interfere in the deter
mination of these catalysts, at a concentration of
5.0 x 10-4 M.
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