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Abstract

Project Code: RSA/06/2544

Project Title: Calix[4]arenequinone dimers as sensing agents for alkali and alkaline earth
metal ions

Investigator:
Project head: Assistant Professor Dr. Thawatchai Tuntulani
Department of Chemistry, Faculty of Science, Chulalongkorn University

E-mail Address: tthawatc@chula.ac.th

Project Period: December 1, 2000 to November 30, 2003

Objectives: To synthesize calix[4]arenequinone dimers and calix[4]arenes containing ferrocene
amides and to study binding properties of the compounds towards alkali metal ions and anions,
respectively. Abilities of the synthesized compounds as alkali metal ion sensors and anion
sensors have been measured by cyclic voltammetry and square wave voltammetry.

Methodology: Calix[4]arenequinone dimers were synthesized by coupling two calix[4]arene
units with various ethylene glycol chains. Phenol groups were then oxidized to quinones by
tristrifluoroacetato thallium(lll). Calix[4]arenes containing ferrocene amide were synthesized by
coupling tetraalkyldiaminocalix[4]arenes and bis(chlorocarbonyl)ferrocene in dichlormethane with
triethylamine as base. Binding properties of the synthesized compounds towards alkali metal
ions and anions were studied by H NMR titrations. Alkali metal ion and anion sensing
properties of the synthesized compounds were investigated by cyclic voltammetry and square
wave voltammetry.

Results: Three calix[4]arenequinones possessing different glycol bridges and numbers of
quinone groups have been synthesized. Three calix[4]arenas containing ferrocene amide with
different alkyl substituents at the narrow rim were prepared. Calix[4]arenequinone dimers were
found to form 1:1 complexes with alkali metal ions and able to bind alkali metal ions such as
Li, Na, K and Cs to a different extent. Cyclic voltammetry and square wave voltammetry
showed that the three calix[4]arenequinones detected alkali metal ions to a different extent. In
the case of calix[4]arenes containing ferrocene amide, they were found to form 1:1 complexes
with various anions such as acetate, benzoate, dihydrogenphosphate and chloride and their
anion sensing abilities were verified by cyclic voltammetry and square wave voltammetry.

Discussion and Conclusion: Sizes of the ligand cavity play an important role in alkali metal
binding abilities of calix[4]arenequinone dimers. Shifts of voltammograms of calix[4]
arenequinones signified the effect of hard-soft acid of alkali metal ions upon changing of
electrochemical properties of the three ligands. Due to structures of calix[4]arenes containing
ferrocene amide, they preferred to bind carboxylate anions over others. Voltammetry showed
that different alkyl substituents on the narrow rim lead to different sensing properties of the
three compounds.
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