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Abstract. Reagents were synthesized on the basis of acetyl acetone which consist of –C =N- and –N=N- 

group. Extraction possibilities of some metals with synthesized reagents were studied. It was found that 

all reagents with respect to the studied elements behave similarly. Based on the extraction abilities 

elements can be positioned in a row of iron> copper> Ni> Co> zinc>Mn> cadmium. In all cases, the best 

element to be extracted is iron. 
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1. Introduction 

 

Extraction of chelate compounds as a very reliable method of separation of 

elements has long been known (Uysal Akku et al., 2015; Payehghadr et al., 2013; 

Zolotov & Kuzmin, 1971; Ramesh & Rao, 1987). Chelating agents are used to extract 

heavy metals from contaminated water, soil (Tandy et al., Al-Qahtani, 2017; Lim et al., 

2004). These reagents form colored complex compounds with certain metal ions. 

Therefore, they are used for extraction-photometric determination of metals (Chyragov 

et al., 1992; Alieva et al., 2005). However, many metals form unpainted extractable 

complexes with chelating agents (Zolotov & Kuzmin, 1971). 

In the literature, the extraction ability of alkyl and Schiff derivatives of β-

diketones with respect to metal ions is known (Abdullayev et al., 1998; Chyragov et al., 

1995). It was found that all reagents, in relation to the elements under study, behave 

similarly. In all cases, iron is extracted best of all elements. 

As a continuation of these studies, the extraction ability of a number of metals 

with new acetylacetone derivatives was studied in this work. 

 

2. Experimental part 

 

The reagents were synthesized by the method of (Busev, 1972; Alieva et al., 

2004). The composition and structure of the synthesized compounds were established 

by X-ray analysis, IR and PMR spectroscopy (Alieva et al.,2015; Maharramov et al., 

2015). 
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X = -H (R1); -F (R2); -Cl (R3); -Br (R4); -J (R5). 

 

For creation of the required pH, HCl (pH 1-2) and ammonium acetate solution 

(pH 3-11) were used. The value of pH was controlled by an ionomer-130 supplied with 

glass electrode. The metal concentration was measured by photometric mehod 

(photocolorimeter CK-2, l = 1 cm) and Atomic Absorption Spectrometry (AAS 

spectrophotometer 1 N). The initial solutions of metal salts of  FeCl ·6H2O, 

CuSO4·7H2O, NiSO4·7H2O, CoSO4·7H2O, Cd(NO3)2·4H2O, ZnSO4·7H2O, 

MnCl2·4H2O are used. For extraction of composites as organic solvents carbon 

tetrachloride, benzene, chloroform, isobutyl alcohol was used. It was found that the 

distribution of the complex compounds according to the nature of the solvent are 

changed in the following patterns: CCl4> C6H6> CHCl3>isobutanol i.e. with a decrease 

in the percentage of the dielectric constant of the solvent extraction of v complexes 

increases. 

That is why for further extraction of compositions non-polar solvent CCl4 was 

used. That means that our synthesized reagents form uncharged complexes, the 

analytical value of which are known to be highest. 

We have developed a method of determining the metal extraction experiment by 

constructing calibration curve. Three series of measurements depending on the 

distribution coefficients of elements on pH were studied. The experiments were carried 

out as follows: 10 flasks with a capacity of 25 ml were taken, 1 ml of a 10
-3

 M reagent 

solution was added to each flask and each flask was diluted to the mark with a 

corresponding buffer solution, poured into a separatory funnel, 5 ml CCl4 was added, 

shaken for 5 minutes and waited before separation of the organic phase. The organic 

phase was separated and the metal concentration was determined. The determination of 

the metal concentration in the respective flasks was carried out in a similar manner. All 

measurements are in good deal with each other. Based on the data obtained, graphs of 

the dependence of the distribution coefficient of elements on the concentration of 

hydrogen ions are constructed. In all cases, the logarithm of the distribution coefficient 

on pH describe the bell curve. The ascending branch of the curve associated with an 

increase in the dissociation of reagents with increasing pH, the downward- with 

hydrolysis of elements in the alkaline range. 

All reagents with respect to the studied elements behave similarly. In all cases, the 

best element to be extracted is iron. It was found that the extraction of metal ions 

decreases in the order: iron> copper> nickel> cobalt> zinc> manganese> cadmium. 

From Fig. 1 it can be seen that in case of the reagent R5 iron maximally extracted 

at pH3, log distribution ratio of iron at pH 3 is equal to 2 and remains unchanged until 

pH8, after raising the pH its value increases and reaches a maximum pH6, log of nickel 

coefficient with PH3 is 0.25 and peaks at pH 7.0, log of cobalt distribution coefficient at 

pH 4 is 0.17, and its maximum value is observed at pH 9, log distribution coefficient at 

PH3 is equal to 0.10. 
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The maximum value observed of log D for zinc is observed at pH8. Log 

coefficient of distribution of manganese at PH3 is equal to 0.12; and its maximum value 

is observed at pH 9. Such elements as Cd (II), Pb (II) at pH 3 are not removed and the 

values of their distribution coefficients under any pH are never more than one. 
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Figure 1. The dependence of the distribution coefficients of the elements on the concentration 

 of hydrogen ions for the reagent R2 
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Figure 2. The dependence of the distribution coefficients of the elements on the concentration 

 of hydrogen ions for the reagent R5(1), R4(2), R3(3), R2(4), R1(5) 
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Figure 3. The dependence of the distribution coefficients of the elements on the concentration 

 of hydrogen ions for the reagent R5(1), R4(2), R3(3), R2(4), R1(5) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2 4 6 8 10 pH 

Cu  
Ni  

Fe  

Co  
Zn  
Mn   

Cd  

lg D 

-0,6 

-0,2 

 0,2 

 0,6 

1,0 

1,4 

1,8 

 
 

Figure 4.  The dependence of the distribution coefficients of the elements on the concentration  

of hydrogen ions for the reagent R5(1), R4(2), R3(3), R2(4), R1(5) 

 

Now analysis of the value of the degree of extraction of elements with a reagent 

R5 will be processed. When the degree of extraction of iron (III) with PH3 is 100, 

copper is extracted by 20%, nickel 90%, cobalt 60%, zinc 40%, 3% manganese. 

From all of the above mentioned elements colored compounds with R, except iron 

(III), form only Cu ions only at high pH values.  
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A similar pattern is observed in the case of other reagents, but with worse results 

(Fig. 2-5). Thus, in the case of R3 reagent at pH4 iron is extracted by 96.4%, copper 9%, 

nickel 52%, cobalt 4%, zinc 3.8 %. 
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Figure5. The dependence of the distribution coefficients of the elements on the concentration 

 of hydrogen ions for the reagent R5 

 

In the case of the reagent R3 at pH5 iron is maximally extracted but the values is 

equal to 97.2%. Under these conditions, copper is recovered by 50%, nickel 30% Cobalt 

21%, zinc 14%, manganese 12%, cadmium  0.9%. 

The data obtained will assess the concentration extraction constant, convenient for 

comparing extraction ability of a number of reagents and a number of metals. 

 
Table 1. The logarithms of the apparent (concentration) extraction constants of elements of the 

synthesized compounds 

Reagent  

R5 

 

R4 

 

R3 

 

R2 

 

R1 Element 

Fe 0 0 0 0 0 

Cu 0,18 2,3 2,5 2,5 2,5 

Ni 3,4 3,5 3,6 3,8 3,9 

Co 3,4 4,6 3,7 4,0 4,1 

Zn 4,4 4,8 4,9 5,2 5,2 

Mn 6,1 6,2 6,1 6,4 5,3 

Cd 6,29 6,85 6,3 6,6 6,3 

 

Calculation of extraction constants was performed according to the equation 

logCext = logD-npH-Hlog[HA]. 

Stoichiometry of complexes were determined based on the slope of the straight 

sections of the logarithm of the distribution coefficients from the acidity of the solution. 

The evaluation of the results of logarithms of extraction constants are shown in 

Table. From this table it can be seen that intrusion of substituents in the methylene 

bridge of benzoyl acetone enhances extraction of reagents extraction ability of fluorine-

containing reactants than other reactants. 
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Comparison of extraction constants for a number of elements examined visually 

identify a particular behavior of iron. Extraction constant of iron is higher than for the 

next best extracted element by 4% in the order of magnitude, for R5 by 3.8 order of 

magnitude than for the R4. 

Extraction constants of the remaining elements are much less than one, so it is 

difficult to expect that the substituted acetyl acetone will find use as reagents for the 

extraction of elements other than iron. 
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