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A B S T R AC T

A molecular modelling (MM) approach has been adopted for designing new ligands for the 
extraction of Cs+. The structures of the metal ion-ligand complexes were initially optimized 
using FORCITE molecular mechanics module of Materials Studio 3.2. The ab initio DMol3 
DFT calculations were further conducted on the MM optimized structures. The selectivity of 
designed ligands for Cs+ was ascertained by interaction, strain and hydration energies.
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1. Introduction

Crown ethers have gained immense popularity and 
importance over the years in every fi eld of chemistry 
owing to their applications in a variety of fi elds that 
include organic synthesis, polymer synthesis, separation 
of metal ions, ion-selective electrode and chemical anal-
ysis. The use of optically active crown compounds for 
the resolution of (D-L) amino acids, enzyme models and 
biological fi elds have also been demonstrated by vari-
ous research groups [1]. The ability of crown ethers to 
form complexes, in particular with metal ions, because 
of their hydrophilic core and an outer hydrophobic ring 
structure has been the basis of their many applications. 
The crown ether compounds have appreciable complex-
ing capacities and selectivities toward alkali and alka-
line earth metal ions, lanthanides and actinides, and 
neutral or ionic organic species in the solutions because 

of matching cavity sizes and respective metal ion diam-
eters [2]. Crown ethers, in general, have found newer 
applications as components of supramolecular systems 
as well [3−5].

Cesium and strontium are high-heat-emitting fi ssion 
products in the spent nuclear fuel streams which need to 
be separated and handled independently. The total heat 
output of the fi ssion product solutions is essentially due 
to these two isotopes. Removal of these fi ssion products 
reduces the radiation fi elds in subsequent fuel cycle 
reprocessing streams. If Cs-137 and Sr-90 are removed 
from the fi ssion product solutions, then the solution 
need not be cooled and the vitrifi ed waste need not be 
stored for 50 years. On the other hand, they are an excel-
lent source for gamma irradiation and are used for the 
environmental pollution control, food preservation and 
sterilization of medical accessories, etc [6].

Several methods have been employed to remove 
Cs+ and Sr2+ from the nuclear waste solutions. For the 
extraction of Sr2+, di-cyclohexano-18-crown-6 extract-
ant dissolved in 1-octanol was one of the fi rst crown 

Proceedings of DAE-BRNS Biennial Symposium on Emerging Trends in Separation Science and Technology, Kalpakkam, India, 
March 1–4, 2010




