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Removal of heavy metal ions from aqueous solution by azocalix[4]arene
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A B S T R AC T

This study presents the preparation, characterization, and sorption properties of new chromogenic 
azocalix[4]arene based oligomers (1a, 2a and 3a) towards some selected heavy metal (Ag+, Hg+, Hg2+, 
Co2+, Ni2+, Cu2+, Cd2+ and Cr3+) cations. These compounds have been synthesized via polycondensation 
reactions involving 25,27-diethylacetoxy-26,28-dihydroxy-5,17-bis(4-nitrophenylazo)calix[4]arene (1), 
25,27-diethyl acetoxy-26,28-dihydroxy-5,17-bis(4-ethylphenylazo)calix[4]arene (2), or 25,27-diethyl 
acetoxy-26,28-dihydroxy-5,17-bis(4-bromophenylazo)calix[4]arene (3) with 1,4-bisamino methyl ben-
zene. Two-phase sorption properties of azocalixarene oligomers (1a, 2a and 3a) towards the selected 
metal cations are reported. The binding properties of these oligomers towards the selected metal cat-
ions were observed to be higher than those of monomeric analogs. It is suggested that this increased 
binding ability arises from highly rigid azo (–N=N–) group moiety at the upper rim of calix[4]arene 
in the oligomeric skeleton.
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Macromolecules are widely used in host–guest chem-
istry for the construction of various receptors for charged 
and neutral molecules. Calix[n]arenes, cyclic oligomers of 
phenolic units linked through the ortho positions, are a 
fascinating class of macrocycles [9]. Chemical modifi ca-
tion of upper or lower rim of these compounds has turned 
this class of synthetic ionophores into effective extractants 
for transferring anionic [10], cationic [11,12] or neutral 
molecules from aqueous solution into an organic layer. 
During the last few decades they have attracted much 
attention as ionophores in supramolecular receptors.

The complexation properties of these molecules 
appear to be highly dependent on the nature and num-
ber of donor atoms as well as the conformation of the 
calix[4]arene moiety [13,14]. Therefore, a variety of 
sophisticated anion complexing ligands containing a 
calix[4]arene backbone have been designed and synthe-
sized to be used as selective anion extractants [15,16]. 
These molecules are generally amine or amide substituted 

1. Introduction

Heavy metal contamination of various surface 
waters or groundwater is a great concern due to the toxic 
effect of heavy metal ions on plants, animals and human 
beings [1–3]. Therefore, effective removal of heavy metal 
ions from water or various industrial effl uents is cru-
cially important and has attracted considerable research 
and practical interest. Many methods, such as chemi-
cal precipitation, ion exchange, reverse osmosis and 
sorption, etc., have been used to remove heavy metal 
ions from various aqueous solutions [4–6]. Among 
the stated methods sorption has increasingly received 
more attention in recent years due to its relative sim-
plicity, cost effi ciency and high effectivity in removing 
heavy metal ions, especially at low to medium metal ion 
concentrations from wastewater [7,8].
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