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jS-Diketone, Substituted Pyrazolone-Metal Complexes
The extraction of nickel(II) from aqueous hydrochloric acid solution by I-phenyl 3-methyl-4-benzoylpyrazol-5-one (PMBP-OH) dissolved in carbon tetrachloride has been
studied. The extraction of nickel(II) from the aqueous solution in the range of 1.0-5.0 M
hydrogen ion concentration has been found to be much higher compared to that of
cobalt(II). The extraction of nickel with PMBPOH is simple, fast and selective. The
composition of the extracted species in solution as well as in solid form have been studied.
The I R bands for the reagent and the metal complexes are reported.
Introduction
Because copper, cobalt and nickel often occur
together in nature and because of their industrial
importance, several papers reporting their separation by solvent extraction with various extracting
reagents [1-4] including ^-diketones [5, 6] have
appeared in the literature. l-Phenyl-3-methyl-4acylpyrazol-5-one derivatives as /3-diketones have
been employed in a number of solvent extraction
studies of metals [7-9] since they were first reported
for such uses b y Jensen [10] in 1959. This paper
reports the use of l-phenyl-3-methyl-4-benzoylpyrazol-5-one ( P M B P - O H ) for the extraction of
nickel(II) and cobalt(II) from the aqueous solutions
of hydrochloric acid of 0.50-5.00 M concentration.
An analysis of the I R bands of the metal complexes
along with the reagent is given.
Experimental
All chemicals used in this investigation were of
standard reagent quality. l-Phenyl-3-methyl-4benzoylpyrazol-5-one was synthesised as reported in
literature [10]. Its solution in carbon tetrachloride
served as organic phase. The standard solutions of
nickel(II) and cobalt(II) were prepared by dissolving their chlorides in aqueous hydrochloric acid
of required molarity.
Two equal volumes (25 ml) of the organic and
aqueous phases were shaken for about 30 min. at
25 °C although the equilibrium was found to be
attained more rapidly, Nickel(II) and cobalt(II)
concentrations in the aqueous phase were determined by the complexometric titration with E D T A
[15] and those in the organic phases were calculated
from the differences between the initial and final
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aqueous values. Nickel(II) and cobalt(II) concentrations in the organic phases were also checked by
a method where a known volume (20 ml) of an
organic phase was evaporated to dryness followed
by an addition of conc. hydrochloric acid (5 ml) and
evaporation to dryness again. The residue was
dissolved in dilute hydrochloric acid and made up
to exactly 50 ml. The concentration of nickel(II)
and cobalt(II) then were determined as in the
case of aqueous phase.
The complexes were prepared by shaking a carbon
tetrachloride solution of the reagent (PMBP-OH.
0.1 M) with an equal volume of nickel(II) and
cobalt(II) solutions (0.1 M) in 1 M hydrochloric
acid. The organic phases were separated and the
solvent evaporated under reduced pressure to about
a quatter of the initial Volumes. To these solutions
an approximately equal volume of petroleum ether
was added. The solid complexes formed were filtered
off, washed with petroleum ether and dried in a
vacuum desiccator.
The nickel(II) and cobalt(II) complexes with
PMBP-OH were also prepared by addition of a
solution of the reagent (0.5 g) in ethanol-acetone
(50 ml) to a solution of their chloride salts (0.5 g) in
1 M HCl (50 ml) which was kept stirred on a hot
plate. The precipitates formed were filtered off and
recrystallised from ethanol-acetone mixture and
dried in a vacuum desiccator.
The complexes of nickel(II) and cobalt(II) were
analysed for a stoichiometric ratio of M: PMBP-OH
(M = Ni and Co) which was found to be 1 : 2 for
both metals.
The infrared spectra of the nickel(II) and cobalt(II) complexes along with the l-phenyl-3-methyl-4benzolpyrazol-5-one were recorded by using Nujol
mull technique on a Perkin-Elmer Infracord Model
257.
Results and Discussion
The extraction of nickel(II) and cobalt(II) with
P M B P - O H dissolved in carbon tetrachloride as a
function of the concentration of hydrochloric acid
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is shown in Fig. 1. The extraction of nickel(II) with
P M B P - O H is found to be much better compared to
that of cobalt and increased with increasing concentration of hydrochloric acid in the aqueous phase up
to 4 M. The extraction also decreases at very high
acid concentration in the aqueous phase. The slope
of the plot log D vs log H+ at the constant concentration of P M B P - O H in the organic phase (0.1 M)
as shown in Fig. 2 is about two, thereby indicating
release of two protons from the P M B P • OH on the
formation of an extractable complex. Also the plot
of D vs log P M B P • O H (org) in Fig. 3 shows the
dependency of log D and log P M B P • OH (org) at
constant acidity of the aqueous phase (1.0 M).
Since the slope of this plot is also about two, a
second power extractant dependency may be as-
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Fig. 1. Dependence of
the per cent extraction
on the hydrogen ion
concentration. Ni(II)
and Co(II) conc.
0.04 M, PMBP-OH
conc. 0.1 M.
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Fig. 2. Dependence
of the distribution
ratio on the hydrogen ion concentration. Ni(II) and
Co(II) conc. 0.04M,
PMBP • OH conc.
0.1 M.
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Fig. 3. The dependence of the distribution ratio of
Ni(II) on the concentration of PMBP- OH at Ni(II)
conc. of 0.04 M and H ion conc. of 1 M.
sumed thereby indicating that the two molecules of
the reagent PMBP • OH are bonded to one atom of
nickel and cobalt. Hence the extraction equilibrium
in the system can be represented as
M2+
2 P M B P • OH ^ M ( 0 • PBMP) 2 + 2 H+ where
M = Ni and Co.
The stoichiometric ratio of 1:2 between the two
metals and P M B P - O H in the complexes has been
also confirmed by the analysis of the solid complexes.
On the basis of the results obtained the extracted
complexes can be written as M ( 0 - P B M P ) 2 . The
similar extraction results were also obtained for
copper and zinc and the extraction order for these
metals was nickel > zinc > copper > cobalt. This
order indicates that P M B P • OH is a good chelating
extractant for nickel(II), although solvent extraction of nickel with chelating extractants is generally
known to be poorer than that of its adjacent metals,
copper(II) and cobalt(II) [6]. No extraction was
observed in the case of tin, silver and lead with this
reagent.
The I R spectra of the P M B P • OH and its complexes with nickel(II) and cobalt(II) are quite
complex. The complexities can be attrituted to the
presence of a number of functional groups, C = O,
C = C, C = N, = N - N = and C 6 H 5 - and their
conjugative effects on the frequencies of the I R
bands. The data of the I R bands obtained in this
investigation have been tabulated in Table I
together with tentative assignments for most of the
major bands. The I R spectrum of the free ligand
has a band around 3380-3200 c m - 1 corresponding
to the presence of the hydrogen bonded hydroxyl
group, however this band disappeared in the I R
spectrum of the complexes thereby indicating the
removal of hydrogen of the hydroxyl group in the
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pyrazol-5-one with Ni(II) and Co(II) ion can be
shown as in Fig. 4.
The extraction of nickel(II) described above is
selective and can be of use for its separation from

cobalt and copper. The results of the preliminary
study are encouraging and a detailed procedure for
their separation will be a subject of the next communication.
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