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The cyclic oligomers of phenolic units linked through the ortho position, called 

calixarenes, associate their skeleton simplicity with versatile recognition properties both 

of ions and neutral molecules.1 Calixarenes are basket-shaped compounds by potential 

interest for host-guest complexation. Functionalization at the lower and upper rim may 

lead to design and synthesis of the ligands suitable for various metal complexations. The 

control of cation-binding ability of calixarenes has been the subject of more recent 

investigations.2 A quantitative measure of the interaction strength between two chemical 

species (macrocycle and guest) in the given solvent is provided by stability constant and 

the conformation of both uncomplexed and complexed species appears to be a distorted 

cone. The focus has been on the introduction of donor groups onto the calixarene 

framework for controlling their complexation phenomena. The ability of calixarene 

systems to interact with alkali metal ions has been long recognized and has led to several 

ionophores increasingly selective for a specific cation. A variety of optical methods for 

the detection of cations in solution is well established and has been extensively reviewed. 

One of the successful approach is using spectrophotometic properties of calixarenes. 

These compounds show UV absorption bands at around 260- 300 nm due to the electronic 

transitions in the phenol groups. For photometric diagnosis of an ion or molecule by 

calix[n]arene, therefore, a spectroscopic active chromophore(s) should be introduced to 

the molecule, since calix[n]arenas themselves do not exhibit absorption and emission in 

the visible region. Calix[4]arene derivatives can adopt four different conformations: cone, 

partial cone, 1,2-alternate, and 1,3-alternate which their selectivity of complexation 

towards metal ions have been proved to depend on the conformation of the calix[4]arene 

moiety. 

In this work, the formation constants of alkali metal cations and two new synthesized 

calix[4]arenes complexes are determined in a methanol-chloroform mixture (50/50 by 
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volume) at 25 °C using spectrophotometric technique. 2 ml of the ligand is titrated with 

stepwise addition of an alkali cation solution both in the same solvent. The UV-Vis 

spectrum of the mixtures undergoes small changes at 260-300 nm, but the measured 

absorbances were sufficient to allow the treatment of the data with the computer program 

Squad. The calixarenes in this study all consist of four benzene rings which are arranged 

conically, so that the four propoxy (L1) and the four butoxy (L2) groups form a 

coordination sphere where metal cations can be bound. The different substituents in lower 

rim of the ligands change the ability of these molecules to tailor to the different cavity 

sizes and rigidities prepares them having various preference towards alkali cations 

complexation. 

The two calix[4]arenes form complexes with alkali metal cations, but show different 

affinities for small cations (Li+ and Na+) and large cations (Rb+ and Cs+). Between the 

two calixarenes, L2 appears to be more efficient for chelating alkali metal ions. The 

stability constants of L1 and L2 with alkali metal cations versus their ionic radius have 

been shown. The most stable complexes of L1 and L2 are formed with Li+. The 

introduction of butoxy group in L2, leads to an increase in the stability of the complexes 

formed by the smaller cations, Li+, Na+ and K+, practically little change in the stability of 

Rb+ and a decrease in the stability of Cs+ complexes. This result suggests the electron 

donating tendency of the butoxy group is effective especially on the smaller cations. The 

binding selectivity of the ligands towards alkali cations on the stability constant values of 

the formed complexes is in the order of Li+ > Na+ > K+ > Rb+ > Cs+ in both cases. The 

binding selectivity of L1 and L2 towards Li+, could be possibly due to the cavity sizes of 

the ligands and the stability constant values obtained in this work confirm that Li+ should 

well encaged and protected by the ligands L1 and L2 and resulting a higher formation 

constant and more stable complexes. However, in both cases Cs+ appears to have no good 

tendency to chelate with the ligands. 
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