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Structural properties of 1,4,7,10-tetraazacyclododecane (cyclen) in 18.45
mol% aqueous ammonia solution have been studied, based on the Monte Carlo method.
The cyclen-ammonia and cyclen-water potential functions have been newly developed.
The STO-3G, 3-21G, 6-21G, 6-31G, DZV, DZ and DZP bazsis sets with and without
applying the Boys-Bernardi counterpoise corrections have been considered, and the
STO-3G set without the correction has been selected. The other related pair functions
were taken from the literature. The following variables and algorithm have been
applied: experimental geometries of water and ammonia molecules, experimental
density of 18.45 mol% aqueous ammonia at 298- K and 1 atm., random starting
configurations, periodic boundary conditions, and potential cutoff at half of the cube
length. The simulations were carried out for 35 million configurations, in order to
examine dynamic characteristics of the solution. A clear picture of cyclen's solvation
sphere has been proposed, consisting of two layers. The inner solvation shell contains 6
water molecules; 2 of them (the ratio for having one and two is 1:2.3, leading to an
average number of 1.7), are located closely and point one hydrogen atom to cyclen's
cavity, and the other 4 water molecules are located near NH groups and bound to those
two water molecules via hydrogen bonds, but are not bound to the NH groups. An inner
part of the outer solvation shell accumulates 3 ammonia molecules, held in place by
forming hydrogen bond with the 6 water molecules, while the outer part of this shell
shows ideal characteristics of bulk water-ammonia solvent. On the basis of obtained
data, the solvation effect is found to partially explain the existence of the macrocyclic

effect.
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