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1. INTRODUCTION 

2-Alkylimidazoles have been found to exhibit steric effects in 
complexation reactions with metal ions [1,2]. The steric hindrance 
differentiates properties of the complexes such as their stability, structure of 
the co-ordination sphere, nature of the metal-ligand bond and even their  
interaction with solvent molecules [1-7]. This offers the possibility of 
separation of Co(II) and Zn(II) from other cations by using the solvent 
extraction method [4, 6, 7]. Recently, it has been demonstrated that 1-alkyl-
2-methylimidazoles could be used for selective extraction of Cu(II) [8]. A 
similar influence on the complexation reaction of the transition metal ions 
has been reported for  the methyl group in isomeric bases at position 4 of 
the imidazole ring in 4(5)-methylimidazoles [9]. The steric effect in the 
complexation reactions with metal ions should be exhibited by 4-methyl-
substituted isomers only, as the 4-methyl substituent stands at α-position to 
the pyridinic (electron-donating) nitrogen atom. 

The primary purpose of this study was to check the influence of the 
steric hindrance and the alkyl chain length on the stability and extraction of 
the Cu(II) complexes using the partition method. Seven 1-alkyl-4(5)-
methylimidazoles have been chosen for the experiments with n-butyl 
through n-decyl substituents at the position 1. Toluene, p-xylene, 
dichloromethane, chloroform, and 2-ethylhexanol were used as extractants. 

 
2. EXPERIMENTAL 

All studies were carried out at 298K at constant ionic strength of the 
aqueous phase equal to 0.5 kept by KNO3 and HNO3. Before extraction the 
concentrations of Cu(II) and the nitric(V) acid in the aqueous phase were 
constant (0,01 M and 0,1 M respectively). The extraction measurements 
were carried out after adding an equal volume of organic solution of 
variable concentrations of 1-alkyl-4(5)-methylimidazoles to the water 
phase. The test tube were than shaken for 30 min. After equilibrium was 
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achieved both phases were separated and pH of the aqueous solution was 
measured, as well as the Cu(II) concentration (by the atomic absorption 
spectrophotometry). The VIS absorption spectra of Cu(II) complexes in 
both phases were registered. 
 

3. RESULTS AND DISCUSSION 

The partition of copper(II) in the systems studied was calculated on the 
basis of the Cu(II) concentrations in the aqueous phase  before and after 
attaining partition equilibrium  from the following equation: 
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where: 0
MC  and MC  denote analytical Cu(II) concentrations in the aqueous 

phase before and after attaining partition equilibrium, respectively. 
The magnitude of variable DM depends on the 1-alkyl-4(5)-

methylimidazole concentration in both phases, and consequently on the pH. 
The progress of Cu(II) extraction in the systems studied is controlled 

by complexes being formed in both phases as well as by their stability and 
extraction properties.  Partition ratio, DM, is related to stability constants of 
the complexes and their partition constants by the following equation: 
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where: βn and βc are cumulative stability constants of the complexes in the 
aqueous phase, Pc are organic solvent/water partition constants of the 
complexes, (Pc=[ML c](org)/[ML c](aq)), [L] is the free ligand concentration 
(mol/L) in the aqueous phase and c is the number of ligands molecules in 
the first Cu(II) complex that is so hydrophobic that it freely passes into the 
organic phase [10,11]. 
 

4. CONCLUSIONS 

1. The methyl substituent in 1-alkyl-4(5)-methylimidazoles has been 
found to be responsible for the steric effect in their reactions with 
the Cu(II) ion. Furthermore, the effect results in depressing the 
stability of the complexes formed. Stability constants, βn, of the 
complexes in the aqueous phase match those of the 1-n-alkyl-2-
methylimidazole complexes of Cu(II). 
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2. Owing to the steric effect, elongation of the n-alkyl chain together 
with pronounced electron-donor properties of solvents result in 
species of presumable co-ordination number 4 having the shape of 
a distorted tetrahedron. 

3. The phenomenon has been noticed at the second and third 
complexation steps (ML2 and ML3 species). The 4-co-ordinate 
Cu(II) species being formed are more readily extractable as 
demonstrated  by large magnitudes of partition constants P2 and P3 
increasing rapidly with elongation of the 1-n-alkyl substituent. 

4. All those phenomena are of practical importance owing to 
depressing the magnitude of pH1/2 of the extraction thus causing it 
to proceed at lower extractant (ligand) concentrations in both the 
organic and aqueous phase, this, in turn, being favourable for the 
separation of the Cu(II) complexes from those of other metals. 
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