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Abstract

	 The effect of some acids, anions and auxiliary complexing agents on the extraction 
of Cadmium (II) from aqueous solutions buffered to pH 7.5 using a chloroform solution of the  
Schiff base ligand 4,4´-(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-
2,3-dihydro-1H-pyrazol-3-ol) (H2BuEtP) alone and in the presence of 1-(3-hydroxy-5-methyl-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP) after an equilibration time of sixty minutes 
was investigated. Working concentration of Cd(II) was 50 mgL-1, while a range from 0.001M-3.0M 
was used for acid and 0.001M-1.0M for anions and auxiliary complexing agents. Extraction raffinates 
were analysed for Cd(II) using Flame Atomic Absorption spectrophotometry and Distribution Ratios. 
Percentage Extractions (%E) were  calculated by difference of Cd(II) concentrations before and after 
equilibration. The mixed ligands H2BuEtP/HBuP organic phase was a better extractant for Cadmium 
than H2BuEtP alone but the difference was not significant for all acids, Cl-, Oxalate and Tartrate. The 
results indicated that at lower concentrations of the acids, anions and auxiliary complexing agents, 
a releasing effect occurred with improved extraction of Cadmium > 90% in most cases and at high 
concentrations there was reduced percentage extraction due to masking of Cadmium from formation 
of stable salts of Cadmium. Comparing results with other those of other metals studied under same 
conditions showed that multi-metal extraction with the ligand (H2BuEtP) is possible. H3PO4, H2SO4, 
HCl, PO4

3-, EDTA and Oxalate all showed theoretical potentials for separating Cadmium from other 
studied metals with Separation Factors βxy = Dx/Dy close to and above 104.

Keywords: Cadmium, Acids, Anions, Auxiliary complexing agents, 4,4´-(1E,1E´)-1,1´-(ethane-
1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol), Extraction and 

theoretical separation.

INTRODUCTION

	 There are numerous literature and ongoing 

researches on removal of heavy metals from different 
environments due to reported deleterious health 
effects associated with these heavy metals1-3. One 
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method that has given very encouraging results 
is solvent – solvent extraction using ligands in 
appropriate solvent as the organic phases4-6. The 
bases of these extractions is the formation of 
metal-ligand complexes which are hydrophobic 
and thus soluble in organic phases, resulting in the 
distribution of the metal ions from aqueous media to 
the organic phases7,8. These extractions are pH and 
ligand concentrations dependent and are based on 
the Nernst distribution law7. Assessments in these 
studies are usually done from distribution ratios (D) 
and percentage extraction (%E) determinations.  
The distribution ratio, D, is constant at a particular 
temperature and is given mathematically as sum of 
all concentrations of metal ions in organic phase over 
the concentration of metal ions in aqueous phase. 
Other factors affecting the distribution of the metal 
ions between the aqueous and organic phases are: 
equilibration time, oxidation state of metal ions, 
presence of a second ligand that can acts as a 
synergist, presence of acids, anions and auxiliary 
complexing agents which can act as releasing agents 
or suppressing/masking agents7,8,9. The aim in any 
metal extraction study is to ascertain conditions 
in which 99.9% extraction of the studied metal 
ions can be attained and also note reagents and 
conditions that can result in suppression/masking of 
particular metal ions, and thus, can be utilized in the 
separation of these metal ions from those in which 
these reagents and conditions enhances extraction 
of their ions and vice-versa9,7,10.

	 Metal extraction studies with Schiff bases 
(ligands with N=C bonds) show that they have 
excellent extraction properties which has been 
attributed to the stability and high hydrophobicity 
of the metal complexes formed11-13. Since its 
synthesis by Uzoukwu et al., 199814, the Schiff base 
4,4´-(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-
1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-
pyrazol-3-ol) (H2BuEtP) has been used for extraction 
studies for Lead15, Uranium16, Nickel17, Iron18-19 and 
Cadmium20. The effect of acids, anions and auxiliary 
complexing agents on the distribution of these 
metal ions between buffered aqueous phases and 
chloroform solutions of this ligand (H2BuEtP) alone 
and in the presence of 1-(3-hydroxy-5-methyl-2-
phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one 
(HBuP) are well reported in these studies15-19. 
These studies showed that common acids (HNO3, 
HCl, H2SO4, H3PO4 and CH3COOH), anions  

(NO-
3, SO4

2-, PO4
3-, CH3COO-, F-, Cl-, Br- and I-) 

and auxiliary complexing agents (EDTA, Oxalate, 
Tartrate and SCN-) had varying effects as releasing 
or masking agents at different concentrations and 
the general trend in most cases was low percent 
extraction resulting from masking of the metals 
at higher concentrations of these acids, anions 
and complexing agents. pH range 4.75 – 7.5 was 
reported to have > 90% extraction in the study of the 
distribution of Cd2+ between buffered aqueous media 
and chloroform solutions of the ligand (H2BuEtP) 
alone and in the presence of 1-(3-hydroxy-5-methyl-
2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) butan-1-one 
(HBuP)20.  Slope analysis was used to predict the 
probable extraction reactions and also the distributing 
cadmium complexes as Cd(HBuEtP)X (where X is 
an anion), and Cd(HBuEtP.BuP) respectively. HBuP 
slightly increased the pH1/2 from 3.87 ± 0.18 to 4.88 
± 0.12 and partition coefficient (KD) from 2.19 ± 0.35 
to 3.15 ± 0.42. However, the extraction constant 
Kex2Cd (-10.09 ± 0.09) in the presence of HBuP was < 
Kex1Cd (-3.01 ± 0.9) for H2BuEtP alone20. However, to 
completely evaluate the potentials of the ligand 4,4´-
(1E,1E´)-1,1´-(ethane-1,2-diylbis(azan-1-yl-1ylidene))
bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol) 
(H2BuEtP) for the extraction of Cadmium from buffered 
aqueous solution, there is a need to determine 
the effects of common acids, anions and auxiliary 
complexing agents on the distribution between the two 
phases. The results from this study indicated that the 
acids, anions and auxiliary complexing agents used for 
this study did not significantly enhance the distribution 
of cadmium from the aqueous phases to the organic 
phase at pH 7.5.  However, when compared with results 
from previous studies on the distribution of Fe2+, Ni2+, 
Pb2+ and UO2

2+ between buffered aqueous media and 
chloroform solutions of the ligand (H2BuEtP) alone and 
in the presence of 1-(3-hydroxy-5-methyl-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP), the 
results indicated theoretical potentials for the utility of 
the ligand H2BuEtP in the multi-metal extraction of all 
studied metals and separation of cadmium from lead, 
iron, nickel and uranium from the varying effects of 
these acids, anions and auxiliary complexing agents. 

Materials and Methods

	 The ligand (H2BuEtP) was synthesized by 
methods outlined by Uzoukwu et al., 1998. Elemental 
analysis for C, H and N; IR and NMR spectral data 
were done at the Institute for Inorganic Chemistry 
Technology, University of Dresden, Germany.
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	 Stock solutions of 0.05 M H2BuEtP were 
prepared by dissolving appropriate amount of the 
ligand in CHCl3. Stock solutions of 0.05 M HBuP were 
also prepared by dissolving appropriate amount of 
the ligand in CHCl3. A 1000 mgL-1 stock solution of  
Cd2+ was prepared by dissolving 0.256 g of Cadmium 
Chloride hemi acetate in 100 ml volumetric flask 
containing 0.2 ml of 10 M HNO3 made up to the 100 
ml mark with deionized water.

	 A pH 7.5 buffer solutions was prepared 
from 0.1 M NaOH and 0.1 M KH2PO4. The pH of the 
buffered solutions were determined with a Labtech 
Digital pH meter. Solutions of 0.001-3.0 M mineral 
acids or anions/complexing agent concentrations 
were prepared by diluting appropriate volumes of 
stock solutions of mineral acid or sodium/ammonium 
salts of anions/complexing agent. All experiments 
were performed at ionic strength of 0.1 M (NaClO4).

	 Two sets of 2 mL aqueous solutions of 
50 mgL-1 Cd (II) containing various concentrations 
(0.001 – 3.0 M) of acids, or (0.001 – 1.0 M)anions/
complexing agents with pH 7.5 were prepared in  
10 mL extraction bottles. Two millilitres (2 mL) of the 
0.05 M solution of H2BuEtP or 0.05M H2BuEtP:0.05 M 
HBuP (9:1 ratio by volume) in chloroform were pipetted 
into the aqueous phases in the extraction containers. 
The immiscible phases were shaken mechanically 
for sixty minutes at a temperature of 30oC. A shaking 
time of sixty minutes was found suitable enough for 
equilibration. The two phases were allowed to settle 
and separated. 0.2 mL of aqueous raffinates were 
then taken and analysed by difference between the 
concentration of Cd (II) ions in aqueous phases before 
and after the extractions using Atomic Absorption 
Spectrophotometry (AAS) at wavelength of 218 nm. 
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 = Co/C. 

	 The two organic phases, ligand H2BuEtP 
alone and mixed ligands H2BuEtP-HBuP extraction 
data were statistically analysed using the R software 
package21. The t test statistics22 was used to test 
the hypothesis, if the two organic phases were 
significantly different in these extractions. The null 
hypothesis (Ho), that the two organic phases of interest 
are not significantly different is rejected if the value 
of the test statistics is greater than the critical value 
and the alternative hypothesis (Ho), the two groups 

of interest are significantly different is accepted. The 
p value was also used. If the p value is greater than 
the significant level, the null hypothesis is accepted 
and we conclude that there is no significant difference 
between the groups of interest.

RESULTS AND DISCUSSION

	 Table 1-17 show the values for the 
metal standards absorbance and raffinates 
absorbance from which the extraction parameters; 
Distribution Ratio D and Percentage Extraction 
%E were obtained. The plots in Fig. 1 showed that  
the lowest concentration 0.001M of all acids used 
in the study gave the best percent extraction  
(75% - 98.5 %) of Cadmium and there was a decrease 
in almost all cases as the concentration of the acids  
were increased in both ligand H2BuEtP alone  
(97.4 – 22.4%) and in the presence of HBuP organic 
phases (98.5 – 50.2%). The binary ligands H2BuEtP/
HBuP organic phase gave slightly better extraction 
of cadmium with the acids at a concentration of 
0.001M when compared with the ligand H2BuEtP 
alone organic. However, statistically both organic 
phases extractions in the presence of the acids were 
not significantly different as p values were all > the 
significant level of 0.05. Comparing these results 
with those for Uranium (VI), Pb (II), Ni (II) and Fe 
(II) in the presence of these acids using same ligand 
H2BuEtP organic phase are as follow; Uranium (VI) 
extractions in the presence of the studied acids 
showed close similarities in percent extractions with 
Cadmium extractions as 0.001M concentrations of 
the acids gave highest percentage extractions of 
metal ions and as the concentration of the acids 
increased, the percentage extraction of Uranium 
decreased. However, in the Uranium extraction the 
binary ligand system gave far higher percentage 
extractions at this 0.001M acid concentrations that 
was significantly different from the ligand H2BuEtP 
alone organic phase as it gave > 90% extraction of 
Uranium at 0.005M and 0.01M of H3PO4 even in 
ligand H2BuEtP alone organic phase and 99.91% 
extraction of Uranium in 0.01M of H3PO4 in binary 
ligands H2BuEtP/HBuP organic phase16. The trend in 
Iron extraction with studied acids was also similar with 
results obtained for Cadmium apart from HCl which 
behaved as salting out agent with increased percent 
extraction of Iron Fe at > 0.05M of HCl19. The results were 
completely different from those reported for Lead and 
Nickel extractions with same organic phases in which 
all acids masks extractions apart from H2SO4 that gave 
> 64% extraction of Pb and < 10% extraction of Nickel 
for all concentrations in both organic phases15,17.
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Table 1: Data for Effect of HNO3 on Cd Extraction for 
both organic phases

	                       12.5 mgL-1 Cd Standard Absorbance = 0.42
		  H2BuEtP only		        H2BuEtP/HBuP

Conc.(M)HNO3	 Abs	 D	 Log D	 Abs	 D	 Log D

      0.001	 0.078	 4.385	 0.642	 0.018	 22.204	 1.346
      0.005	 0.351	 0.197	 -0.706	 0.206	 1.038	 0.016
       0.01	 0.137	 2.066	 0.315	 0.196	 1.255	 0.097
       0.05	 0.214	 0.963	 -0.315	 0.186	 1.258	 0.099
        0.1	 0.128	 2.281	 -0.016	 0.210	 1.000	 0.000
        0.5	 0.176	 1.386	 0.358	 0.201	 1.089	 0.037
         1	 0.221	 0.900	 0.142	 0.205	 1.048	 0.021
         2	 0.209	 1.009	 0.028	 0.203	 1.068	 0.028
         3	 0.212	 0.981	 -0.046	 0.196	 1.143	 0.058

a=0.05, the null hypothesis is accepted and we conclude that there 
is no significant difference between the groups of interest

Table 2: Data for Effect of HCl on Cd Extraction for 
both organic phases

	                   12.5 mgL-1 Cd Standard Absorbance = 0.42
		  H2BuEtP only			   H2BuEtP/HBuP

Conc.(M)HCl	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.083	 4.060	 0.608	 0.019	 20.212	 1.305
       0.005	 0.100	 3.200	 0.505	 0.082	 4.058	 0.605
        0.01	 0.113	 2.716	 0.434	 0.100	 3.200	 0.505
        0.05	 0.194	 1.164	 0.066	 0.155	 1.709	 0.232
         0.1	 0.214	 0.962	 -0.016	 0.193	 1.110	 0.070
        0.5	 0.302	 0.390	 -0.408	 0.199	 1.110	 0.045
         1	 0.208	 1.019	 0.082	 0.199	 1.110	 0.045
         2	 0.190	 1.210	 0.083	 0.202	 1.079	 0.033
         3	 0.326	 0.288	 -0.540	 0.193	 1.176	 0.070

Table 3: Data for Effect of H2SO4 on Cd Extraction 
for both organic phases

                          12.5 mgL-1 Cd Standard Absorbance = 0.42
		  H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)H2SO4	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.029	 13.483	 1.129	 0.024	 16.54	 1.217
       0.005	 0.059	 6.118	 0.786	 0.031	 15.11	 1.046
        0.01	 0.107	 2.925	 0.466	 0.059	 6.118	 0.786
        0.05	 0.191	 1.198	 0.078	 0.083	 4.061	 0.608
         0.1	 0.251	 0.673	 -0.177	 0.128	 2.281	 0.358
         0.5	 0.203	 1.068	 0.028	 0.200	 1.100	 0.041 
          1	 0.261	 0.609	 -0.215	 0.207	 1.028	 0.012
          2	 0.241	 0.743	 -0.129	 0.198	 1.121	 0.049
          3	 0.251	 0.640	 -0.193	 0.201	 1.089	 0.037

Table 5: Data for Effect of CH3COOH on Cd 
Extraction for both organic phases

	
                             12.5 mgL-1 Cd Standard Absorbance = 0.42

		 H2BuEtP only			 H2BuEtP/HBuP

Conc.(M)CH3COOH	 Abs	 D	 Log D	 Abs	 D	 Log D

         0.001	 0.105	 3.000	 0.477	 0.0184	 21.826	1.338
         0.005	 0.128	 2.281	 0.358	 0.0628	 5.687	 0.754
          0.01	 0.137	 2.065	 0.315	 0.0940	 3.468	 0.540
          0.05	 0.144	 1.916	 0.282	 0.0990	 3.242	 0.510
           0.1	 0.155	 1.709	 0.232	 0.1064	 2.962	 0.471
           0.5	 0.230	 0.826	 0.020	 0.1941	 1.164	 0.066
            1	 0.205	 1.048	 -0.082	 0.1991	 1.110	 0.045
            2	 0.239	 0.757	 -0.120	 0.1853	 1.270	 0.103
            3	 0.264	 0.590	 -0.228	 0.2091	 1.009	 0.041

Fig. 1. Plots of percentage extraction of 50 mgL-1 Cd (II) from 
mineral acids into (A) 0.05M CHC13 solutions of H2BuEtP (B) 

CHC13 solutions of 0.05M H2BuEtP-0.05M HBuP (9:1)

	 Figure 2 showing percentage extraction of 
Cadmium in the presence of PO4

3-, SO4
2-, NO3- and 

CH3COO- ion in ligand H2BuEtP alone and in the 
presence of HBuP. The general trend observed with 
the acids, where decrease in percentage extraction 
was observed with increased concentration of the 
acids. Similar trend was also observed with the 
anions (93.3% - 11.7% for ligand H2BuEtP alone 
and  99.1% - 52.9% in the presence of HBuP) with 
the only notable exception being PO4

3- in binary 
ligand system in which highest percent extraction 
of Cadmium 99.2% was observed at 0.01M PO4

3-. 
The Binary ligand H2BuEtP/HBuP organic phase 
was significantly a better extractant for Cadmium 
than the ligand H2BuEtP alone system as p values 
were all < the significant level of 0.05. The trend was 

Table 4: Data for Effect of H3PO4 on Cd Extraction 
for both organic phases

	                              12.5 mgL-1 Cd Standard Absorbance = 0.42
		  H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)H3PO4	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.011	 37.18	 1.570	 0.006	 69.00	 1.84
       0.005	 0.014	 29.00	 1.462	 0.010	 41.00	 1.61
        0.01	 0.018	 22.33	 1.349	 0.012	 34.00	 1.53
        0.05	 0.055	 6.636	 0.822	 0.015	 27.00	 1.43
         0.1	 0.083	 4.060	 0.609	 0.019	 21.11	 1.32
         0.5	 0.113	 2.308	 0.363	 0.026	 15.15	 1.18
          1	 0.194	 1.165	 0.066	 0.046	   8.13	 0.91
          2	 0.190	 1.211	 0.083	 0.079	   4.32	 0.64
          3	 0.200	 1.100	 0.041	 0.092	   3.57	 0.55
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Table 6: Data for Effect of PO4
3- on Cd Extraction for 

both organic phases

		 12.5 mgL-1 Cd Standard Absorbance = 0.616
		   H2BuEtP only			 H2BuEtP/HBuP

Conc.(M)PO4
3-	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.058	 9.9822	 0.9981	 0.059	 9.4407	 0.9750
       0.005	 0.134	 3.5970	 0.5559	 0.052	 14.327	 1.2247
        0.01	 0.142	 3.3680	 0.5239	 0.006	 101.62	 2.0068
        0.05	 0.219	 1.8128	 0.2583	 0.052	 13.897	 1.1247
         0.1	 0.179	 2.4423	 0.3876	 0.085	 6.2470	 0.7957
         0.5	 0.322	 0.9130	 -0.0395	 0.075	 7.4330	 0.8581
         1.0	 0.544	 0.1324	 -0.8783	 0.199	 2.0953	 0.3213

Table 9: Data for Effect of CH3COO- on Cd 
Extraction for both organic phases

	                             12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)CH3COO-	 Abs	 D	 Log D	 Abs	 D	 Log D

          0.001	 0.041	 14.024	 1.1469	 0.012	50.333	1.7019
          0.005	 0.099	 5.2222	 0.7179	 0.006	101.67	2.0071
           0.01	 0.052	 10.846	 1.0353	 0.011	55.000	1.7404
           0.05	 0.169	 2.6449	 0.4224	 0.021	28.333	1.4523
            0.1	 0.103	 4.9806	 0.6973	 0.024	24.667	1.3921
            0.5	 0.289	 1.1315	 0.0536	 0.052	10.846	1.0353
            1.0	 0.324	 0.9012	-0.0452	0.091	5.7692	0.7611

Table 7: Data for Effect of SO4
2- on Cd Extraction for 

both organic phases

	                            12.5 mgL-1 Cd Standard Absorbance = 0.616
		  H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)SO4
2-	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.090	 5.8444	 0.7667	 0.013	 46.385	 1.6664
       0.005	 0.112	 4.5000	 0.6532	 0.018	 33.222	 1.5214
        0.01	 0.135	 3.5629	 0.5518	 0.023	 25.783	 1.4113
        0.05	 0.221	 1.7873	 0.2522	 0.030	 19.533	 1.2908
         0.1	 0.296	 1.0811	 0.0339	 0.059	 9.4407	 0.9750
         0.5	 0.441	 0.3968	 -0.4014	 0.149	 3.1342	 0.4961
         1.0	 0.469	 0.3134	 -0.5039	 0.299	 1.0903	 0.0375

similar to those observed for Pb and Ni with same 
organic phase apart from PO4

3- in which percent 
extraction of Pb and Ni increases as concentration 
of PO4

3- increases and peaks at 0.1M after which 
it starts to decrease. This was observed in Lead 
and Nickel extractions for both organic phases. 
The trend was also similar for Uranium (VI) but the 
exception however, was observed in this case with 
CH3COO- with similar trend as observed for PO4

3-. 
The binary ligand system was also significantly 
a better extractant for Uranium than the ligand 
H2BuEtP alone organic phase. The trend observed 
for Cadmium was generally different from those 
observed for Fe as Iron extraction with same organic 
phases showed trends observed for PO4

3- in Pb and 
Ni and CH3COO- in Uranium in which percentage 
extraction of metal ions increases with increase in 
concentrations of the anions15,16,17,19.

Fig. 2. Plots of percentage extraction of 50 mgL-1 Cd (II) from 
common anions into (A) 0.05M CHC13 solutions of H2BuEtP 

(B) CHC13 solutions of 0.05M H2BuEtP-0.05M HBuP(9:1)

Table 8: Data for Effect of NO3
- on Cd Extraction for both 

organic phases

                             	12.5 mgL-1 Cd Standard Absorbance = 0.616
		  H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)  SO4
2-	 Abs	 D	 Log D	 Abs	 D	 Log D

         0.001	 0.100	 5.1600	 0.7126	 0.005	 102.79	 2.0092
         0.005	 0.098	 5.2857	 0.7231	 0.006	 101.67	 2.0071
          0.01	 0.188	 2.2766	 0.3573	 0.081	 6.6049	 0.8199
          0.05	 0.229	 1.6899	 0.2279	 0.040	 14.400	 1.1584
           0.1	 0.343	 0.7959	 0.0991	 0.085	 6.2471	 0.7957
           0.5	 0.241	 1.5560	 0.1920	 0.075	 7.2133	 0.8581
           1.0	 0.499	 0.2345	-0.6299	 0.101	 5.1600	 0.7126

Table 10: Data for Effect of F- on Cd Extraction for 
both organic phases

	 	12.5 mgL-1 Cd Standard Absorbance = 0.616
		  H2BuEtP only			   H2BuEtP/HBuP

Conc.(M) F-	 Abs	 D	 Log D	 Abs	 D	 Log D

      0.001	 0.089	 5.9213	 0.7724	 0.011	 55.000	 1.7404
      0.005	 0.090	 5.8444	 0.7667	 0.042	 13.667	 1.1357
       0.01	 0.117	 4.2649	 0.6299	 0.020	 29800	 1.4742
       0.05	 0.181	 2.4033	 0.3808	 0.100	 5.1600	 0.7126
        0.1	 0.107	 4.7570	 0.6773	 0.083	 6.4217	 0.8076
        0.5	 0.119	 4.1765	 0.6208	 0.120	 4.1333	 0.6163
        1.0	 0.182	 2.3846	 0.3774	 0.134	 3.5970	 0.5559

Table 11: Data for Effect of Br- on Cd Extraction for 
both organic phases

	 	12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			   H2BuEtP/HBuP

Conc.(M) Br-	 Abs	 D	 Log D	 Abs	 D	 Log D

      0.001	 0.123	 4.008	 0.6029	 0.016	 37.500	 1.5740
      0.005	 0.175	 2.5200	 0.4014	 0.025	 23.640	 1.3736
       0.01	 0.193	 2.1917	 0.3408	 0.101	 5.0990	 0.7075
       0.05	 0.115	 4.3565	 0.6391	 0.016	 37.500	 1.5740
        0.1	 0.266	 1.3158	 0.1192	 0.134	 3.5970	 0.559
        0.5	 0.389	 0.5835	 -0.2339	 0.142	 3.3380	 0.5235
        1.0	 0.455	 0.3538	 -0.4512	 0.207	 1.9758	 0.2958
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Table 12: Data for Effect of Cl- on Cd Extraction for 
both organic phases	

		 12.5 mgL-1 Cd Standard Absorbance = 0.616
		  H2BuEtP only			   H2BuEtP/HBuP

Conc.(M)Cl-	 Abs	 D	 Log D	 Abs	 D	 Log D

     0.001	 0.059	 9.4407	 0.9750	 0.008	 52.333	 1.8719
     0.005	 0.076	 7.1053	 0.8516	 0.034	 20.241	 1.3062
      0.01	 0.108	 4.7040	 0.6724	 0.048	 17.118	 1.2334
      0.05	 0.179	 2.4413	 0.3876	 0.100	 11.833	 1.0731
       0.1	 0.207	 1.9758	 0.2958	 0.181	 5.160	 0.7126
       0.5	 0.255	 1.4157	 0.1509	 0.203	 2.403	 0.3885
       1.0	 0.292	 0.3628	 0.0452	 0.355	 2.034	 0.3085

Table 13: Data for Effect of I- on Cd Extraction for 
both organic phases

		 12.5mgL-1 Cd Standard Absorbance = 0.616
		  H2BuEtP only			  H2BuEtP/HBuP

Conc.(M) I-	 Abs	 D	 Log D	 Abs	 D	 Log D

     0.001	 0.151	 3.0795	 0.4885	 0.016	 37.500	 1.5740
     0.005	 0.163	 2.7791	 0.4439	 0.019	 31.421	 1.4972
      0.01	 0.124	 3.9677	 0.5985	 0.031	 18.871	 1.2758
      0.05	 0.297	 1.0741	 0.0310	 0.043	 13.327	 1.1247
       0.1	 0.303	 1.0330	 0.0014	 0.089	 5.9213	 0.7724
       0.5	 0.463	 0.3305	 -0.4809	 0.171	 2.6023	 0.4154
       1.0	 0.512	 0.1875	 -0.7269	 0.181	 2.5438	 0.4055

Fig. 3. Plots of percentage extraction of 50 mgL-1 Cd (II) from 
halogen anions into (A) 0.05M CHC13 solutions of H2BuEtP 
(B) CHC13 solutions of 0.05M H2BuEtP- 0.05M HBuP (9:1)

	 The effect of the halogen ions Br-, Cl-, F- 
and I- in the extraction of Cadmium with H2BuEtP 
alone and in the presence of HBuP shown in  
Fig. 3 indicate similar behaviour as observed with the 
acids as there was a steady decrease in extraction 
of Cadmium Cd as the concentrations of the halogen 

ions were increased (90.5% - 26.1% for ligand 
H2BuEtP alone and 98.7% - 66.4% in the presence 
of HBuP). The binary ligand H2BuEtP/HBuP organic 
phase was slightly a better extractant for Cadmium 
than the ligand H2BuEtP alone organic phase as the 
lowest concentration 0.001 M of the ions used gave 
> 97% extraction for Cadmium for all halogens ions 
in binary ligand H2BuEtP/HBuP organic phase as 
against < 91% for the H2BuEtP alone organic phase. 
However, statistically the binary ligand H2BuEtP/
HBuP organic phase in the presence of Br-, F- and 
I- was significantly better as an extractant even 
though the results for Cl- did not give a significant 
difference.  The trend was close to those observed 
for Lead, Uranium and Nickel even though at 1.0 M 
of I- complete masking of Lead was observed with 
the H2BuEtP alone organic phase. The binary ligand 
H2BuEtP/HBuP organic phase was significantly a 
better extractant for Uranium and Nickel but only 
slightly better for Lead. The trend was quite different 
with those observed for Iron, where the percent 
extraction of Iron increases and peaks at different 
concentrations of the halogen ions in the H2BuEtP 
alone organic phase while in the binary ligand 
H2BuEtP/HBuP organic phase peaking occurred 
at 0.01 M for almost all the halogen ions except 
Br- where peaking occurred at 0.1 M. The H2BuEtP 
alone organic phase unlike for other studied metal 
ions studied with this ligand was a slightly a better 
extractant for Iron Fe than the binary ligand H2BuEtP/
HBuP organic phase15,16,19.

Table 14: Data for Effect of SCN- on Cd Extraction 
for both organic phases	

	                             12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)SCN	 Abs	 D	 Log D	 Abs	 D	 Log D

      0.001	 0.208	 1.9621	 0.2926	 0.203	 2.0341	 0.3085
      0.005	 0.108	 4.7043	 0.6724	 0.013	 46.380	 1.6664
       0.01	 0.211	 7.9200	 0.2833	 0.019	 31.423	 1.4974
       0.05	 0.203	 2.0341	 0.3085	 0.013	 46.380	 1.6664
        0.1	 0.208	 1.9621	 0.2926	 0.029	 20.244	 1.3063
        0.5	 0.305	 1.0193	 0.0085	 0.048	 11.842	 1.0732
        1.0	 0.469	 0.3134	 -0.5038	 0.181	 2.4033	 0.3807

Table 15: Data for Effect of EDTA on Cd Extraction 
for both organic phases	

	                            12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)EDTA	 Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.145	 3.2483	 0.5117	 0.089	 5.9213	 0.7724
       0.005	 0.290	 1.1241	 0.0508	 0.203	 2.0341	 0.3085
        0.01	 0.224	 1.7500	 0.2430	 0.123	 4.008	 0.6029
        0.05	 0.260	 1.3692	 0.1365	 0.175	 2.5200	 0.4014
         0.1	 0.206	 1.9903	 0.2989	 0.181	 2.403	 0.3807
         0.5	 0.341	 0.8065	 -0.0934	 0.224	 1.7500	 0.2430
         1.0	 0.360	 0.7111	 -0.1481	 0.266	 1.3158	 0.1192
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Table 16: Data for Effect of OXALTE on Cd 
Extraction for both organic phases	

	                             12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)OXALATE	 Abs	 D	 Log D	 Abs	 D	 Log D

      0.001	 0.100	 5.1600	 0.7126	 0.060	 9.2672	0.9669
      0.005	 0.090	 5.8443	 0.7667	 0.097	 5.3511	0.7284
       0.01	 0.111	 4.5909	 0.6619	 0.019	 31.423	1.4972
       0.05	 0.156	 2.9491	 0.4696	 0.021	 28.341	1.4525
        0.1	 0.211	 1.9190	 0.2832	 0.108	 4.7044	0.6724
        0.5	 0.289	 1.1313	 0.0536	 0.143	 3.3081	0.5195
        1.0	 0.470	 0.3131	-0.5036	0.306	 1.0133	-0.0056

Table 17: Data for Effect of TARTRATE on Cd 
Extraction for both organic phases	

	                             12.5 mgL-1 Cd Standard Absorbance = 0.616
		 H2BuEtP only			  H2BuEtP/HBuP

Conc.(M)TARTRATE	Abs	 D	 Log D	 Abs	 D	 Log D

       0.001	 0.055	 10.222	1.0091	 0.029	20.241	1.3062
       0.005	 0.093	 5.6241	0.7500	 0.021	28.333	1.4523
        0.01	 0.114	 3.2781	0.5156	 0.048	11.833	1.0731
        0.05	 0.084	 6.3333	0.8016	 0.056	10.000	1.0000
         0.1	 0.119	 4.1760	0.6208	 0.082	6.5124	0.8137
         0.5	 0.223	 1.7621	0.2461	 0.181	2.4033	0.3808
         1.0	 0.267	 1.3070	0.1163	 0.281	1.1922	0.0763

Fig. 4. Plots of percentage extraction of 50 mgL-1 Cd (II) 
from auxiliary complexting agents into (A) 0.05M CHC13 

solutions of H2BuEtP (B) CHC13 solutions of 0.05M 
H2BuEtP-0.05M HBuP (9:1)

	 The effect of auxiliary complexing agents 
EDTA, Oxalate, tartrate and thiocyanate (SCN) 
ions in the extraction of Cadmium Cd with H2BuEtP 
alone and in the presence of HBuP shown in  
Fig. 4 also indicate a common trend observed with 

the acids, anions and halogens with the lowest 
concentration 0.001M giving the highest percent 
extraction of Cadmium and a steady decrease 
in percent extraction as the concentration of the 
auxiliary complexing agents are increased (91.1% 
- 23.9% with H2BuEtP alone and 95.3% - 50.3% in 
the presence of HBuP) with a few exceptions. The 
observed exception with the auxiliary complexing 
agents was with thiocyanateion (SCN) that had 0.005 
M as the concentration with the highest percent 
extraction of Cd in both organic phases (82.5% with 
H2BuEtP alone and 97.8% in the presence of HBuP)  
and thereafter, the regular trend of decreasing 
extraction of Cadmium continued. The binary 
H2BuEtP/HBuP organic phase was significantly a 
better extractant than the ligand H2BuEtP organic 
phase in the presence of SCN- and EDTA but 
the difference was not significant for Oxalate and 
Tartrate. With Pb, the highest percent extraction was 
obtained at different concentrations of the complexing 
agents and complete masking was observed at 1 M 
Oxalate and 0.5 M – 1 M Tartrate in ligand H2BuEtP 
alone organic phase while complete masking at 
all concentrations was observed for EDTA in both 
organic phases. The binary H2BuEtP/HBuP organic 
phase was significantly a better extractant than the 
ligand H2BuEtP organic phase with HBuP functioning 
as a synergist with the resultant adducts more 
hydrophobic than complex with the ligand H2BuEtP 
alone as reported in related studies23,24. Apart from the 
fact that no masking effect was observed with EDTA 
in the extraction of Uranium, the results were similar 
to those observed for Lead. The auxiliary complexing 
agents did not enhance the extraction of Nickel as 
results were generally poor and only tartrate gave 
70.3% extraction of Nickel at a concentration of 0.1 M 
in the binary H2BuEtP/HBuP organic phase. Tartrate 
ion gave > 99% extraction of Iron in all concentrations 
used for the study in the ligand H2BuEtP alone 
organic phase. The regular trend of decreasing 
percent extraction as concentration of complexing 
agents ions increased as observed for the acids and 
other anions was also reported. Complete masking 
of Iron was recorded for EDTA and Oxalate ion from 
concentrations > 0.05 M15,16,17,19.

	 The results obtained with Cadmium 
in the presence of these acids, anions and 
auxiliary complexing agents indicate that at 
some concentration they act as releasing/salting 
out agents by the formation of unstable salts of 
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Cadmium, thus, making it readily available as free 
Cadmium ions for complexation with the ligand in 
the organic phase, resulting in the extraction of the 
metal from the aqueous phase to the organic phase 
and in concentrations that the extraction percent is 
small or zero, they are forming very stable salts with 
Cadmium and making it unavailable for complexation 
with the ligand H2BuEtP25,26. The results with H3PO4 
and PO4

3- were all very high confirming that Cd3(PO4)2 
formed is unstable and salting out of Cadmium is the 
net effect as reported in related Cadmium extraction 
study27,28. Comparing results with those reported with 
buffered aqueous solutions of Cadmium (II) at pH 
6.0-8.0 which had percent extraction of Cadmium 
between 99.4%- 99.9%20 indicated that the acids, 
anions and complexing agents used for the study did 
not enhance the extraction of Cadmium at the study 
pH of 7.5. However, they can be used in the multi-
metal extraction of the so far studied metals Lead, 
Uranium, Nickel, Iron and Cadium with the Ligand 
H2BuEtP as > 90% extraction was obtained with most 
of the acids, anions and complexing agents. 

Separation factors βxy	
	 Theoretical Separation Factors βXY were 
calculated in order to establish the possibility of 
selectively extracting metals in multimetal media. Table 

18-27 are the tabulated Theoretical Separation Factors 

βXY for the various metal pairs for ligand H2BuEtP alone 
and binary ligand H2BuEtP/HBuP organic phases with 
βXY = Dx/DY close to 104 and theoretical have potential 
to be used in quantitative separation of Cadmium from 
Nickel, Iron, Lead and Uranium29,30.
Table 18: Calculated Separation Factors βXY for Cd 

(II), and Ni (II)

Calculated Theoretical Separation Factors βXY for Cd (II) and Ni 
(II) with H2BuEtP Alone

H3PO4[M]	 %ECd	 DCd	 %ENi	 DNi	 βCdNi(104)	 nCd	 nNi

  0.001	 97.4	 37.18	 0.1	 0.001	 3.72	 2	 5990
  0.005	 96.7	 29.00	 0.1	 0.001	 2.90	 2	 5990
   0.01	 95.7	 23.33	 0.1	 0.001	 2.33	 2	 5990

Table 19: 	Calculated Theoretical Separation Factors 
βXY for Cd (II), and Pb (II)

Calculated Theoretical Separation Factors βXY for Cd (II) and Pb 
(II) with H2BuEtP Alone

H3PO4[M]	 %ECd	 DCd	 %EPb	 DPb	 βCdPb(104)	 nCd	 nPb

   0.005	 96.7	 29.00	 0.10	 0.001	 2.90	 2	 5990
    0.01	 95.7	 23.33	 0.10	 0.001	 2.33	 2	 5990

Table 20: 	Calculated Theoretical Separation Factors 
βXY for Cd (II), and Ni (II)

Calculated Theoretical Separation Factors βXY for Cd (II) and Ni 
(II) with H2BuEtP Alone

H2SO4[M]	 %ECd	 DCd	 %ENi	 DNi	 βCdNi(104)	 nCd	 nNi

  0.001	 94.2	 16.54	 0.1	 0.001	 1.65	 2	 5990
  0.005	 92.0	 15.11	 0.1	 0.001	 1.51	 3	 5990

Table 22: Calculated Theoretical Separation Factors 
βXY for Cd (II), and Pb (II)

Calculated Theoretical Separation Factors βXY for Cd (II) and Pb 
(II) with H2BuEtP Alone

EDTA[M]	 %ECd	 DCd	 %EPb	 DPb	 βCdPb(104)	 nCd	 nPb

  0.001	 76.5	 3.248	 0.10	 0.001	 0.328	 5	 5990

  0.005	 52.9	 1.124	 0.10	 0.001	 0.112	 8	 5990

   0.01	 63.6	 1.750	 0.10	 0.001	 0.175	 6	 5990

   0.05	 57.8	 1.369	 0.10	 0.001	 0.137	 8	 5990

    0.1	 66.6	 1.990	 0.10	 0.001	 0.199	 6	 5990

Table 21: 	Calculated Theoretical Separation Factors 
βXY for Cd (II), and U (VI)

Calculated Theoretical Separation Factors βXY for Cd (II) and  
U (VI) with H2BuEtP Alone

H2SO4[M]	 %ECd	 DCd	 %Eu	 Du	 βCdu(104)	 nCd	 Nu

   0.001	 94.2	 16.54	 10.4	 0.117	 0.14	 2	 29

   0.005	 92.0	 15.11	 8.7	 0.100	 0.15	 3	 31

    0.01	 86.0	 6.118	 5.0	 0.053	 0.12	 4	 116

    0.05	 82.1	 4.061	 0.1	 0.001	 0.41	 5	 5990

Table 23: Calculated Theoretical Separation Factors 
βXY for Cd (II), and Pb (II)

Calculated Theoretical Separation Factors βXY for Cd (II) and Pb 
(II) with H2BuEtP/HBuP

HCl [M]	 %ECd	 DCd	 %EPb	 DPb	 βCdPb(104)	 nCd	 nPb

 0.005	 80.5	 0.1	 0.10	 0.001	 0.41	 5	 5990

Table 24: Calculated Separation Factors βXY for Cd 
(II), and Pb (II)

Calculated Separation Factors βXY for Cd (II) and Pb (II) with 
H2BuEtP/HBuP

H3PO4[M]	 %ECd	 DCd	 %EPb	 DPb	 βCdPb(104)	 nCd	 nPb

  0.001	 98.5	 69.00	 0.1	 0.064	 0.108	 2	 5990

   0.05	 96.4	 27.00	 0.1	 0.001	 2.70	 2	 5990

    0.1	 97.1	 21.11	 0.1	 0.001	 2.11	 2	 5990

    0.5	 93.8	 15.15	 0.1	 0.001	 1.52	 2	 5990

    1.0	 89.0	 8.130	 0.1	 0.001	 0.81	 3	 5990

    2.0	 81.0	 4.320	 0.1	 0.001	 0.43	 4	 5990

Table 25: Calculated Separation Factors βXY for Cd 
(II), and U (VI)

Calculated Separation Factors βXY for Cd (II) and U (VI) with 
H2BuEtP/HBuP

PO4
3-[M]	 %ECd	 DCd	 %EU	 DU	 βCdU(104)	 nCd	 nU

  0.005	 92.4	 13.897	 9.06	 0.11	 0.014	 3	 29
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Table 26: Calculated Separation Factors βXY for Cd 
(II), and Pb (II)

Calculated Separation Factors βXY for Cd (II) and Pb (II) with 
H2BuEtP/HBuP

EDTA[M]	 %ECd	 DCd	 %EPb	 DPb	 βCdPb(104)	 nCd	 nPb

   0.001	 85.7	 5.9213	 0.1	 0.001	 0.592	 4	 5990
   0.005	 80.1	 4.008	 0.1	 0.001	 0.401	 4	 5990

Table 27: Calculated Separation Factors βXY for Cd 
(II), and Fe (II)

Calculated Separation Factors βXY for Cd (II) and Fe (II) with 
H2BuEtP/HBuP

Oxalate[M]	 %ECd	 DCd	 %EFe	 DFe	 βCdFe(104)	 nCd	 nFe 
      0.1	 90.3	 9.2672	 0.1	 0.1	 0.927	 3	 5990

	 The theoretically calculated Separation 
Factors βXY indicates that the studied acids, anions 
and complexing agents have great potentials in 
applications for the separation of cadmium from the 
so far studied metals from the favourable calculated 
theoretical separation factors βXY = Dx/DY > 104 and 
n number of batches needed to achieve 99.9% 
extraction of a metal using the equation  below:

			   (1)

	 Where C is concentration of metal in 
aqueous phase after extraction. 

	 Caq is initial concentration of metal in 
aqueous phase before extraction.

	 Since equal volume of aqueous phase and 
organic phase was used during extractions, equation 
1 reduces to;

			   (2)

	 Table 18 and 20 showed that theoretically, 
0.001 M – 0.01 M H3PO4 and 0.001 M H2SO4 with 
ligand H2BuEtP alone can be exploited for the 
separation of Cadmium from Nickel requiring 2 
batches of extraction and 0.005 M H2SO4 required 
3 batches of extraction to obtain 99.9% of Cadmium.  
Table 19, 22, 23, 24 and 26 showed theoretical 
conditions for separating Lead with Cadmium. Table 
19 showed 0.005 M – 0.01 M H3PO4 for ligand 
H2BuEtP alone and Table 24 showed 0.001 M – 0.5 
M H3PO4 with binary ligands H2BuEtP/HBuP can 
be used theoretically to separate Cadmium from 
Lead requiring 2 batches of extraction to obtain 
99.9% of Cadmium.  Table 22 and Table 23 showed 
that EDTA and 0.005M HCl can also be used to 

separate Lead from Cadmium with ligand H2BuEtP 
alone with 5-8 batches of extraction for EDTA and 
5 batches of extraction for HCl with binary ligands 
H2BuEtP/HBuP theoretically required to obtain 
99.9% Cadmium. Table 21 and 25 show theoretical 
calculated conditions for separating Cadmium from 
Uranium with H2SO4 with batches of extractions 
ranging from 2-5 with increasing concentration with 
ligand H2BuEtP alone and 0.005 M PO4

3- requiring 
3 batches with binary ligands H2BuEtP/HBuP to 
obtain 99.9% Cadmium. Table 27 showed that 0.1M 
Oxalate using the binary ligands H2BuEtP/HBuP 
will theoretically require 3 batches of extractions to 
obtain 99.9% of Cadmium.
	

Conclusion

	 The studied acids, anions and auxiliary 
complexing agents did not significantly enhance 
the extraction of cadmium at pH 7.5. At lower 
concentrations, most of the acids, anions and auxiliary 
complexing agents act as releasing agents with > 90% 
extraction of Cadmium with both ligand H2BuEtP alone 
and binary ligand H2BuEtP/HBuP organic phase.

	 Masking effect due to formation of 
stable salt of Cadmium resulting in lower percent 
extraction of Cadmium is predominant at higher 
concentrations of acids, anions and auxiliary 
complexing agents and more pronounced with 
ligand H2BuEtP alone organic phase.

	 The binary ligand H2BuEtP/HBuP organic 
phase was in all cases slightly a better extractant 
for Cadmium in the presence of studied acids, 
anions and auxiliary complexing agents with > 90% 
extraction for most cases.

	 The efficiency of the acids in the extraction 
of Cadmium is the order H3PO4>H2SO4>HNO3>HCl 
>CH3COOH.

	 Theoretically, from calculated separation 
factors βXY, separation of Cadmium from other 
studied metals can be achieved using; H3PO4 
for cadmium from Nickel and Lead, H2SO4 for 
Cadmium from Nickel and Uranium, HCl and EDTA 
for Cadmium from Lead, PO4

3- for Cadmium from 
Uranium and Oxalate for cadmium from Iron.

Recommendations
	 Separation of Cadmium from Iron, Nickel 
and Lead studies based on theoretically favourable 
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conditions be undertaken to ascertain the practical 
possibility of achieving these separations.	
	 Multi-metal extraction of Cadmium, Iron, 
Nickel and Lead in the presence of these acids, 
anions and auxiliary complexing agents be studied 

for a range of pH using the ligand H2BuEtP alone 
and in the presence of HBuP.
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