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Abstract

The effect of sulphate and nitrate ions in aqueous media on the extraction of Cu (Il) ions into 2,2,2-trichloro-1-
(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (HTcP) solution in chloroform has been studied. The
synergistic effect of butanol on the extraction of the metal ion was also examined. The results showed that
extraction of Cu(ll) ions was found to be more efficient from solutions of 0.05M HTcP between pH 4.00 — 8.00
over the pH range of 1.00 -8.00 studied with optimum percentage extraction above 90%. Increase in sulphate
ion concentrations from 0.01M to 1.00M in the aqueous media resulted to a decrease in Cu (lI) ion extracted
and a shift of the extraction processes to higher pH values. This is due to the masking of the metal by anionic
sulphate-copper complexes formed in solution. Similarly, increase in nitrate ion concentrations from 0.01M to
1.00M followed the same trend with optimum percentage extraction (%E) above 70%. Slight synergism
occurred in the distribution of the metal ion into the chloroform-butanol phase and the extraction data showed
that pHy- shifted to lower values. Addition of butanol into the organic phase resulted in slight increase of
optimum percentage extraction up to 99.57% from 99.15% in the absence of butanol as synergist over the pH
range of 3.52-8.00 from aqueous buffer media containing 0.1M concentration of SO4% ion. The slope analysis
indicated that the Cu(TcP), adduct complex species were extracted during all the extraction processes. The
pHi2 and %E of the extraction systems were determined and used for explaining the various extraction

processes observed.

Keywords: Sulphate ion, Nitrate ion, aqueous media, copper (I1), 2,2,2-trichloro-1-(5-hydroxy-3-methyl-1-

phenyl-1H-pyrazol-4-yl)ethanone.

Introduction

The importance of liquid-liquid extraction and
separation techniques cannot be exhausted. Its
application can be seen in different fields of life
ranging from the pharmaceutical industry [1, 2],
hydrometallurgy [3], separation [4-7] and purification
of transition metals [8, 9]. Several studies [10-12]
have been carried out on the use of synthesized
ligands and Schiff bases as extractants in chelate
formation over the use of commercial extractants like
LIX 54 [13].

Liquid-liquid extraction and separation techniques
using  1-phenyl-3-methyl-4-acylpyrazolone-5 by
several authors [14-18] in the extraction and
separation of metal ions have generated quite some
interest in recent years. Several derivatives of this
ligand (acyl pyrazolone-5) have been synthesized,
characterized and used in metal extraction studies [12,
19].The introduction of various compounds as
synergists [20,21] has further improved the efficiency
of these ligands in solvent extraction studies [22-25].
Uzoukwu and Mbonu 2005 [26] studied the effect of
chloride ion concentration in aqueous buffer media on
the extraction of nickel (II) and copper (II) ions using
the  2,2,2-trichloro-1-(5-hydroxy-3-methyl-1-phenyl-
1H-pyrazol-4-yl)ethanone or (1-phenyl-3-methyl-4-
trichloroacetylpyrazolone-5) derivative (HTcP) and
proposed an efficient method for the separation of
these metals in a mixture. The extraction of copper

(I, nickel (1) and cobalt (II) ions from
concentrations of agqueous bromide ion solutions using
the same ligand, HTcP has been reported by Chukwu
and Uzoukwu 2012 [27].

Despite  very encouraging published reports,
extraction studies of metal ions using 4-
acylpyrazolones (pKa values > 3) are few [28, 29].
The effect of sulphate and nitrate ions on the
extraction of copper (Il) using the ligand (2,2,2-
trichloro-1-(5-hydroxy-3-methyl-1-phenyl-1H-
pyrazol-4-yl)ethanone) will be investigated in this
study. In addition, the introduction of butanol as a
synergist will also be considered in the extraction
system.

Experimental

Materials

Reagents of analytical grade (Aldrich or BDH) were
used. They include: copper acetate monohydrate
(Cu(CH3C00);.H,0), Sodium sulphate (Na;SO4),
sodium nitrate (NaNQs3), hyrochloric acid (HCI),
potassium chloride (KCI), acetic acid (CH3;COOH),
sodium acetate trihydrate (CH3COONa3H-0),
sodium hydroxide (NaOH), potassium dihydrogen
phosphate (KH2PO.) , Chloroform and 98% butanol.
Deionized water was used throughout the experiment.
Euro EA elemental analyzer, Labtech digital pH meter
and buck scientific digital atomic absorption
spectrophotometer (250A model) were also used.
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Figure 1. Structure of the ligand 2,2,2-trichloro
-1-(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-
yl)ethanone (HTcP)

The ligand (HTcP) in (figure 1) was synthesized by
methods described previously [26] and recrystallized
twice from aqueous ethanol after synthesis.
Thereafter, the purity was established by UV, IR,
'HNMR spectral methods as previously reported [26,
27]. The elemental analysis of the ligand was carried
out using Euro EA Elemental Analyzer at
Fortungszentrum Rossenderf Dresden, Germany.

The organic phase comprised of stock solution of
0.05M HTcP. This was prepared by dissolving an
appropriate mass (1.5975g) of the ligand in
chloroform. For the aqueous phase, stock solution
(500mgL™?) of the metal ion, Cu?* was prepared by
dissolving the appropriate mass of the salt of the
metal; Cu(CH3COQ)2'H20 in 2mL of 0.1M HCI. The
mixture was made up to mark in a 100mL volumetric
flask using deionized water. Buffer solutions
containing 0.01M, 0.1M and 1M SO4% and NOj3"ions,
were also prepared with appropriate mixtures of 0.1M
HCI/KCI (pH 1.00-2.90), 0.1M acetic acid/KCI (pH
3.00-3.49), 0.1M acetic acid/sodium acetate (pH 3.50-
559) and 0.1M NaOH/KH,PO4 (pH 5.60-8.00)
solutions. pH of the buffer solutions were determined
using a Labtech digital pH meter.

Extraction procedure

Two mL aliguot containing 25mgL-1 of the metal ion
concentration and buffer solution of the anion
(sulphate or nitrate) concentration made up the
aqueous phase. While volume (2mL) of chloroform
solution containing 0.05M HTcP made up the organic
phase. However, for extraction in the presence of
butanol as synergist, a 9:1 HTcP/chloroform: butanol
ratio made up the organic phase.

The mixture was thereafter agitated mechanically for
30 mins at room temperature. A shaking time of
30mins was found to be enough for equilibration as
previously reported [26, 27]. The phases were allowed
to settle and then separated for analysis of the metal
ion in the aqueous raffinate. Metal ion concentration
in the aqueous raffinate was determined using a buck
scientific digital atomic absorption spectrophotometer
(250A model). The concentration of the metal ion
extracted into the organic phase was determined by
difference. Distribution ratio, D, was calculated as the

ratio of metal ion concentration in the organic phase
(Co) to that in the aqueous phase (C) thus, D = C,/C
[30]

Results and discussion

Theoretical considerations

Earlier works reported [26-28] have shown that the
ligand is a weak organic acid and therefore behaved as
4-trichloroacetylpyrazolone  chelating acids in
solution. Thus, the extraction of the metal species
(M%) can be represented as follows:

aMii + b+ HL, =  MLy(HL)q) + BH .......1
where HL o is the 4-trichloroacetylpyrazolone
_ MLy (HL) J[H™]"
ex1l [ﬂ’f:"']': [HI.]?HJ

]

where K, is the extraction constant. Hence, the
distribution ratio, D, is given by:

Log D1= logKea + (a-1)log[M?*] + (b+c)log[HL], —
(D) TOG[H™ cevee e (3)

In the presence of solvating agent such as butanol
(BuOH), the distribution ratio becomes:

LogD;= logKexz + (a-1)log[M?*] + (b+c)log[HL]o+ d
log[BuOH] @) — blog[H*] .eevve e, 4)

Where MaLb[HL]c(o) and MaLb[HL]c[BUOH]d(O)
represent the extractible metal complexes in the
absence and presence of butanol respectively.
Determination of the values of a, b, ¢ and d for
interactions between the ligand and one mole of metal
in the equations can be done through evaluation of the
partial derivatives of the equations by the method of
slope analysis as follows:

dlogD
dlog [H*]
dlogD
=B F € e cveene en (6)

dlog[HL],
dlogD

..(5)

dlog[BuOH],  ° - )

diogD . .
dlog[M?+] =a—1.a i (8)

The above equations (5 -8) show that the values; a, b,
¢ and d are related to the stoichiometry of the
extraction process in each of the systems [30].

Extraction of Cu?*from aqueous solutions of SO4*

ion into 0.05M HTcP/CHCIs at different pH values
Extraction of Cu®*ions from aqueous buffer solutions
containing various sulphate ion concentrations
(0.01M, 0.IM and 1M) into 0.05M HTcP in
chloroform showed that quantitative extraction above
90% yield occurred between the pH of 3.00 — 8.00
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over the pH range of 1.00 -8.00 studied. The
extraction plots of Cu?* from aqueous SO4% medium
into 0.05M HTcP/chloroform are presented in Figure
2 for the varying concentrations of SO 4.

From the plots in Figure 2, optimal percentage
extraction yield (%E) of 99.74%, 99.15% and 95.63%
were obtained for 0.01M, 0.1M, 1M sulphate ion
concentrations respectively. This shows a slight
decrease from 0.01M to 0.1M SO4* ion
concentrations and a significant decrease from 0.1M
to 1M SO.,% ion concentrations which can be
attributed to the masking of the metal ion by the
anionic sulphato-copper complex formed in solution
at increasing SO4% ion concentration. The pHiz
which is the pH at which 50% extraction has been
achieved was found to be approximately 2.70 + 0.30
for 0.01M SO4% ion concentration and 3.00 + 0.30 for
0.1M and 1.0M SO4% ion concentrations. A slope of 2
was obtained irrespective of the sulphate ion
concentration which is an indication that two (2)
protons were displaced during the extraction process
according to equation (1).

Thus, the results show that the extraction of Cu?* is
more efficient at relatively high pH values irrespective
of SO, concentration in the aqueous buffered phase.
Similar results were obtained by Uzoukwu and
Mbonu [26] from their studies on the effect of
chloride ions in buffer medium in the liquid-liquid
extraction of Cu(ll) and Ni(ll) ions using HTCcP.
Values of log Kq4 and Log Kex were equally calculated
and tabulated. Table 1 summarizes the extraction data
of Cu?* ions for 0.01M, 0.1M and 1.0M SO.% into
0.05M HTcP/chloroform.

Table 1. Extraction data of copper (I1) ions from
aqueous solutions of 0.01M, 0.1M and 1M SO4*
using 0.05M HTcP in chloroform organic medium.

0.01M SO4* 0.1MSO,> 1M SO.*
Slope 2.00+0.01 200+0.01 2.00+0.01
pH1/2 2.70+£0.30 3.00+0.30 3.00+0.30
%E 99.74£0.01  99.15+0.01 95.63 +0.01
Log Ky 2.00+0.20 1.70+0.20 1.40+0.20
Log Kex -1.10+0.50 -1.20+0.50 -1.65+0.50

Extraction of Cu?from aqueous solutions of NO3
ion into 0.05M HTcP/CHCIs at different pH values
At different concentrations (0.01M, 0.1M and 1.0M)
of aqueous solution of nitrate ion, extraction of Cu?*
ions into 0.05M HTcP in chloroform gave over 70%
extraction between the pH ranges of 3.00 — 7.50 over
the pH range of 1.00 — 8.00 studied. Figure 3 presents
the extraction plots of Cu?*ions from aqueous
buffered solutions containing varying concentrations
of NO3™ ion into 0.05M HTcP/chloroform medium.
The results show that optimal percentage extraction
(%E) of 98.75% was obtained from solutions
containing 0.01M NO3" ion concentrations.
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Figure 2. Variation of pH with log D for the
extraction of Copper (I1) ions from buffer
solutions of 0.01M, 0.1M and 1M concentrations
of SO4% in HTcP/chloroform mixed organic
medium at 25°C.

This value decreased in solutions of 0.1M NOj3™ ion
concentrations to 96.46% and further to 78.18% in
solutions of 1.0M NOg3™ ion concentrations. Hence,
increase in nitrate ion concentrations results in
masking of Cu?* ions in the extraction system as a
result of stable nitro-copper complexes.

From Figure 3, a slope of 2 was equally obtained
irrespective of nitrate ion concentration. This is an
indication that two (2) protons were displaced during
the extraction process according to equation 1. Similar
result was obtained earlier for the extraction of Cu?*
from sulphate ion concentrations and has also been
reported elsewhere [26-28] for extraction of copper
(1) using HTcP.

The pH at which 50% extraction was achieved i.e.,
pH1was found at approximately 3.2 + 0.30 for all the
nitrate ion concentration studied. Log Kex values of -
1.25, -2.55 and -3.19 were obtained for the extraction
of Cu?* ions from aqueous solutions of 0.01M, 0.1M
and 1.0M concentrations of NO3™ ions. The value of
log Kex gives a means of assessing the ability of a
ligand to extract a particular metal ion and the higher
the value of log Ke, the better the extraction medium
[30]. Therefore, 0.01 M NOj3" ion aqueous solutions
will be the best medium for the extraction of Cu?* ions
using 0.05M HTcP in chloroform. Extraction data of
Cu?* ions from aqueous solutions of NOj;  ion
concentrations into  0.05M HTcP/chloroform is
summarized and presented in table 2.
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Table 2. Extraction Data of Copper (Il) ions from
aqueous solutions of 0.01M, 0.1M and 1M
concentrations of NOs™ ions in 0.05M HTcP/
Chloroform mixed organic medium.

0.0IM NO3z= 0.1M NO3z" 1M NO3-

Slope 2.00+£0.01 2.00+£0.01 2.00 £0.01
pH 1. 3.20x0.20 320+x0.20 3.40%0.20
%E 98.75+0.50 96.64+0.50 78.18 £ 0.50
LogKg 1.90+0.20 1.75+0.20 0.75+0.20
Log Kex -1.25+0.50 -255+£050 -3.19+0.50

i Nitrate ion concentrations (INO3")

© . i -
1.50 } = P
E‘ 1.00 -
0.50 a>.

-2.50

Figure 3. Variation of pH with log D for the
extraction of Copper (Il1) ions from buffer
solutions of 0.01M, 0.1M and 1M concentrations
of NOs  in HTcP/chloroform mixed organic
medium at 25°C.

Synergistic extraction of Cu?‘into chloroform
solutions of HTcP from aqueous solutions
containing 0.1M SO4?% ions

Extraction of Cu?* ions from aqueous media
containing 0.IM SO4* ions into 0.05M
HTcP/chloroform organic phase containing butanol
was carried out and presented as a plot in figure 4.The
introduction of butanol into the organic phase resulted
in quantitative extraction of 99.57% with lower
pH1value of 2.05 (with synergist) in comparison to
pHi,0f 3.30 in the absence of butanol (without
synergist).This is an indication that extraction of
Cu?at lower pH values is more effective in
chloroform solutions containing butanol as solvating
agent. Figuredshows a quantitative extraction over
wider range of pH values 2.0 — 8.0 when compared to
(figure 2); indicating that the synergist (butanol)
enhances the extraction. Variation plot of Log D with
pH for the extraction of Cu?* from buffer solutions
containing 0.1M SO, ion concentration is given in
(figure4).

A slope of 2 was obtained similar to extractions in the
absence of butanol. Again, this shows that two (2)
protons were displaced during the extraction

processes. The pHi, was found to be 2.05 and %E
obtained was 99.57% as shown in (figure 4).Table 3
summarizes the extraction data of copper (Il) ions
from aqueous buffer solutions of 0.1M SO4% using
0.05M HTcP in chloroform/BuOH organic medium
and compares same with extraction in the absence of
butanol.

Hence, in the presence of butanol (BuOH) as a
solvating agent, the extraction process for copper (1)
ion can be represented as:

Cu?* + 2HTcP(2BUOH —
Cu(TcP)22BUOH ) + 2H* ©)
[Cu(TcP),. 2BuOH] ) [H*]

Kem = [Cu?*][HTcP]*[Bu0H]? (10)

Log D = logKee + log[Cu?] + 2log[HTcP]o+
2log[BUOH]+ 2pH ..o, (11)

Table 3: Extraction data of copper (Il) ions from
buffer solutions of 0.1M SO4%using 0.05M HTcP in
chloroform/BuOH organic medium.

0.1MSO,*  Slope pH1p %E
Without 200+£0.01 3.30 + 99.15+0.01
Synergist 0.01

With 2.00+£0.01 205 + 99.57+0.01
Synergist 0.01

+0.IM . .0

Figured. Synergistic extraction of Copper (I1) ions
from buffer solutions of 0.1M SO4?using HTcP in
chloroform/BuOH organic medium at 25°C.

Slope analysis of the extraction of Cu?*

Plots of the variation of log D with log [HTcP] for the
extraction of Cu?* into chloroform solutions of
0.05MHTcP from buffer solutions containing 0.1M
S04% at constant pH values of 3.02 and 3.51 are
presented in (figure5).In each curve, a slope of 2 was
obtained suggesting that the interaction between Cu?*
and the ligand involved two moles of the ligand and
as derived statistically according to equation (6)
which shows that (b+c) equals 2 (hence “c” is 0).
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Earlier works have shown that 2 moles of protons
were released during similar interaction [12, 26-29].

2.00
®pH 3.02 *pH 351
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-
1.60

1.40
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Log D
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0.40
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Log [HTcP]

Figure 5. Ligand variation plot at constant pH of
3.02 and 3.51 for the extraction of 25ppm Copper
(11) ions from buffer solutions of 0.1M SO4% using
HTcP in chloroform organic medium at 25°C

The degree of extraction as a function of Cu?* ion
concentration is presented in Figure(6) at pH values of
3.02 and 3.51 each containing 0.1M SO4% ions in
0.05M HTcP/chloroform. A slope of zero (0) was
obtained in each case. This is an indication that the
interaction involved 1 mole of metal at each of the pH
values studied. After solving equation (7) in which (a-
1) equals zero (0). Consequently, ‘a’ equals 1 showing
that 1 mole of metal (Cu?*) ion was involved in the
interaction statistically. Hence, the metal:ligand ratio
was found to be 1:2 and the complex formed under
this condition is Cu(TcP),. This result is in agreement
with that obtained by previous workers [12, 26-29].
The result also showed that the slope of zero (0)
indicates that the extraction of Cu?* into the organic
phase is independent of the metal ion concentration.
The proposed structure of the ligand Cu(TcP), formed
in the extraction process is presented in figure 6
below.

cl
he © cl
N/ | (l)/o N
N /I\{I | N
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o) /
cl cl CHs
cl
M =Cu

Figure 6: Proposed Structure of the complex
Cu(TcP):

Conclusion

Extraction of Cu?* ions from aqueous media
containing various concentrations (0.01M, 0.1M and
1M) of sulphate ions and nitrate ions into 0.05M
HTcP in chloroform has been observed within the pH
range of 1.0 to 8.0. Results obtained showed that
extraction occurred between pH 2.5 and 7.5 with
optimum percentage extraction above 90.00% in the
presence of sulphate ion concentrations and above
70.00% in the presence of nitrate ion concentrations.
Generally, increase in sulphate and nitrate ion
concentrations had a masking effect on the extraction
of the Cu?* ion thus leading to corresponding decrease
in optimum percentage extraction. Introduction of
butanol as a solvating agent into the organic medium
resulted in enhanced percentage extraction of the
metal ion up to 99.57%. Other extraction data such as
log Kg, log Kex and pH1, were equally calculated for
extraction at all anion concentrations and interpreted.
From the results, extraction in the presence of 0.01M
sulphate ion gave the best conditions for optimum
percentage extraction of Cu?* ions. Extraction plots of
extraction at varying pH gave a slope of 2, which on
interpretation suggests that two protons were
displaced from the ligands during extraction. Further
analysis using statistical treatment and slope analysis
revealed that one mole of the metal ion (Cu?*) and two
moles of the ligand were involved in the extraction
process in the ratio of 1:2. Hence the suggested
extracted complex specie is of formula Cu(TcP),.

Acknowledgments

Authors are grateful to the management of Ideyi
Consults Nigeria Limited and the Department of Pure
and Industrial Chemistry, University of Port Harcourt
for their support, contributions and provision of
facilities towards the success of this work. We also
acknowledge the Institute for Anorganische Chemie
Technische University Dresden, Germany where
elemental analysis of the ligand was carried out.

References

1. AP. Maliek, V.M. Crews, J.L. Rosales, C.S.
Ferguson, J.H. Bruton, R.J. Beaden Kopf. (2009),
Method of efficient extraction of protein from
cells. US20090123910

2. B. Cyr. (2009), Cyr, B. Methods and therapeutic
compositions comprising plant extracts for the
treatment of cancer. US20090004302

3. M.O.C. Ogwuegbu, N.C. Oforka. (1994). Solvent
extraction separation studies of iron (I1l), cobalt
(1), nickel (1) and copper (ll) from aqueous
solution with 1-phenyl-3-methyl-4-(p-
nitrobenzoyl)-5-pyrazolone. Hydrometallurgy; 34
(3): 359-67.

4. F.M. Hawthorne, G.B. Dunks., (1997), Extraction
of cesium and strontium ions from nuclear waste.
US5666642

5. H. Bukowsky, E. Uhlemann, K. Gloe, P. Muhl.
(1992), Liquid-liquid extraction of alkaline earth

47



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

U.J.Chukwu, C.Anyanwu and K.O.Orubite

and alkali metal
257(11): 105-8.
M. Atanassova, |.L. Dukov. (2004), Synergistic
solvent extraction and separation of trivalent
lanthanide metals with mixtures of 4-benzoyl-3-
methyl-1-phenyl-2-pyrazolin-5-one and aliquat
336. Separ Purif Technol 40(2): 171-176.

M. Atanassova, I|.L. Dukov. (2006), Solvent
extraction and separation of lanthanoids with
mixtures of chelating extractant and 1-(2-
pyridylazo)-2-naphthol. Separ Purif Technol 49:
101-105.

B.A. Moyer, R.A. Sachleben, P.V. Bonnesen, D.J.
Presley (2001), Calixarene crown ether solvent
composition and use thereof for extraction of
cesium from alkaline waste solutions. US6174503
A.H. Bond, R.E. Barrans Jr., P.E. Horwitz (2006),
Purification of 4,4 *(5) - di -t-butylcyclohexano-
18-crown-6. US20067091338

J. Godwin, C.F. Nwadire, and B.A. Uzoukwu
(2012), Extraction of Ni(ll) ions into chloroform
solution of N, N-Ethylenebis(4-Butanoyl-2,4-
Dihydro-5-Methyl-2-Phenyl-3H-Pyrazol-3-
Oneimine) schiff base, Eur. Chem. Bull., 1(7), pp.
269-273

UJ Chukwu and J Godwin (2013), Solvent
extraction studies of uranium (VI) from aqueous
media into chloroform solution of N,N’-
ethylenebis(4-Propionyl-2,4-Dihydro-5-Methyl-2-
Phenyl-3H-Pyrazol-3-Oneimine), American
Chemical Science Journal, 3 (4), 479-488,

N.J. Parmar, H.A. Barad, B.R. Pansuriya and R.A.
Patal (2011), Journal of Coordination Chemistry,
64,4

W. Mickler, A. Reich, E. Uhlemann (1995),
Extraction of zinc with longchain B-diketones and
4-acyl-5-pyrazolones. Separ Sci Technol 30: 2585.
A. Leveque, R. Fitoussi, J.I. Sabot. (1990),
Leveque, A., Fitoussi, R., Sabot, J. I. Liquid/liquid
extraction of rare earth/cobalt values. US4964997
J. Gautier, S. Lecolier, C. Soriaux, S. Chlvalier.

ions with acylpyrazolones.

(1988), 2-phenyl-4-acyl-(3H)-pyrazol-3-ones.
US4761484
K. Gleo, H. Stephan, T. Kruger, A. Mdckel, N.

Woller, G. Subklew. (1996), Solvent extraction of
toxic heavy metal ions with 8- hydroxyquinoline
extractants from effluents. Prog Colloid Polym Sci
101, 145

B.A. Uzoukwu and C.I. Ukegbu (1997),
Extraction studies of chromium (V1) from aqueous
solutions with 1-phenyl-3-methyl-4-
butyrylpyrazolone. Ind J Chem 36A: 351-3.

E.C. Okafor and B.A. Uzoukwu (1990), Extraction
of Fe(lll) and U(IV) with 1-phenyl-3-methyl-4-
acylpyrazolones-5 from aqueous solutions of
different acids and complexing agents. Separation
of Fe(I11) fromU(IV). 51: 167-72.

B.A. Uzoukwu, K. Gloe and H. Duddeck (1998),
4-Acylpyrazoloneimine schiff bases and their
metal complexes: synthesis and spectroscopic

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

studies. Synthesis and Reactivity in Inorganic and
Metal-Organic Chemistry, 28(5), 819-831

S. Umetani and H. Freiser (1987), Umetani S,
Freiser H. Mixed ligand chelate extraction of
lanthanides with 1-phenyl-3-methyl-4-
(trifluoroacetyl)-5-pyrazolone and some phosphine
oxide compounds. Inorg Chem; 26: 3179-84.

.D. Barkart, Z. Derriche and A. Tayeb. (2001),

Synergistic solvent extraction of zinc(ll) and
cadmium(Il) from sulfate medium by a mixture of
1-phenyl-3- methyl-4-benzoyl pyrazol-5-one and
methyl-isobutyl ketone. Turk J Chem 2001; 25:
381-9.

M. Atanassova and I.L. Dukov (2006), Synergistic
solvent extraction of trivalent lanthanoids with
mixtures  of  1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone and crown ethers. Acta Chim Slov; 53:
457-463.

M. Atanassova. (2006), Synergistic solvent
extraction of La(lll), Eu(lll) and Lu(lll) with
mixtures of 5,7-dibromo-8-hydroxyquinoline and
crown ethers. J Uni Chem Tech Metal. 41(1):81-
84.

A.H. Bond, R. Chiarizia, V Huber, M.L. Dietz,
A.W. Herlinger and B.P. Hay (1999), Synergistic
solvent extraction of alkaline earth cations by
mixtures of di-n-octylphosphoric acid and
stereoisomers of dicyclohexano-18-crown-6. Anal
Chem 1999; 71: 2757-2765

K. Tokestani, J. Blinova, G.J. Arichi, G.J. Goetz-
Grandmont and J.P. Brunette(1996), Synergistic
extraction of copper (I1) and other divalent metals
with  3-phenyl-4-acylisoxazol-5-ones and 1-
phenyl -3- methyl -4-acyl pyrazol-5-ones in the
presence of tri-n-octylphosphine oxide in tolune.
Solvent Extract lon Exchange 1996; 14(6): 1037-
56.

B.A, Uzoukwu and J.I Mbonu. (2005), Effect of
chloride ion in a buffer medium on the liquid-
liquid extraction of Cu (II) and Ni (Il) using 1-
phenyl-3-methyl-4-trichloroacetyl-pyrazolone-5.
Solvent Extr lon Exc; 23(6): 759-771.

UJ. Chukwu and B.A. Uzoukwu (2012),
Extraction of Cu?* ions from aqueous solutions of
bromide ions using  1-phenyl-3-methyl-4-
trichloroacetylpyrazolone-5 and molecular
modeling of the complex. Recent Patents on
Materials Science, 2012; 5, (2) 68-73.

UJ. Chukwu and B.A. Uzoukwu (2010),
Synergistic extraction of Zn?* from aqueous buffer
medium of chloride ions into 1- phenyl -3- methyl
-4- Trichloro Acetyl Pyrazolone - 5 in Benzene
and Hexane. Recent Pat Mater Sci; 3(2): 146-150
U.J. Chukwu and B.A. Uzoukwu (2008), Effect of
chloride ion in a buffer medium on the liquid-
liquid extraction of Co2+ using 1-phenyl-3-

methyl-4-trichloroacetyl-pyrazolone-5. Sci Afr;
7(1): 42-50.
B.A. Uzoukwu (1992), Basic Analytical

Chemistry. Pam Unique, Port Harcourt, Nigeria.

48



