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The formation constants and dissociation rate constants for 1,7-diaza-4,10,13-trioxacyclopentadecane-N,N'-diacetic 
acid complexes of lanthanide ions have been measured in water at 25 "C and the Eu"l complex has been found to be 
the most stable of all. 

In an effort to develop lanthanide ion selective reagents, we 
have studied the thermodynamic formation constants for 
1,10-diaza-4,7,13 , 16-tetraoxacyclo-octadecane-N,N'-diacetic 
acid complexes of lanthanide ions.' This ligand has shown 
selectivity towards the lighter lanthanides, presumably 
because their ionic size and charge density match well with the 
properties of the ligand. In order to find a selective reagent for 
the lanthanides in the middle of the series, we have made a 
ligand with a similar charge but smaller macrocyclic cavity, i.e. 
1,7-diaza-4,10,13- trioxacyclopentadecane-N,N' -diacetic acid 
(l), which forms its most stable lanthanide complex with Ed1'. 

The ligand was synthesized as its dihydrochloride salt from 
commercially available diaza-15-crown-5 (Kryptofix 21), by 
the method of Kulstad and Malmsten.2 The formation 
constants of its complexes with lanthanide ions were deter- 
mined by a potentiometric method in aqueous so1ution:l log K 
values so obtained are shown in Figure 1 as a plot against 
atomic number. 

By virtue of a high charge density, LuIII forms the most 
stable lanthanide complex with flexible and charged ligands 
such as ethylenediaminetetra-acetic acid.3 However, neutral 
macrocycles are known to form more stable complexes when 
the ring cavity matches well with the ionic size of the meta1.4.5 
As the ligand under study has a macrocyclic structure with 
charged carboxylate groups on the side arms, both these 
factors can play significant roles in determining which of the 
lanthanide ions forms the most stable complex. Because of its 
large size and low charge density, La111 forms the least stable 
complex. In spite of the high charge density on L O ,  its 
complex attains intermediate stability, presumably because its 
ionic size is considerably smaller than the ligand cavity. The 
most stable complex in the series is formed by EuI" since it is 
the best fit both for size and charge density. 

Also plotted in Figure 1 are the observed dissociation rate 
constants for these complexes at 25 "C in an acetic acid- 
acetate buffer of pH 4.6 and ionic strength 0.1. The rates were 
measured on a stopped-flow spectrophotometer using CuII ion 
as the scavenger of free ligand and by monitoring the growth in 
absorbance due to the CuII complex at 270 nm. The results of 
the kinetic studies are in conformity with the thermodynamic 
data insomuch as the plot of observed rate constants against 
atomic number gives a mirror image of a similar plot of log K 
vs. atomic number (Figure 1). The most stable, Eu"' complex 
exhibits the lowest dissociation rate constant. A detailed 
kinetic study by varying buffer pH suggests that for lighter 
lanthanide complexes, the kinetics obey the rate law: kobs, = 
k d  + kH [H+], where kobs. is the observed pseudo-first-order 
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rate constant; kd and kH are the rate constants for direct 
dissociation and acid catalysed pathways, respectively.6 For 
heavier lanthanide complexes however, saturation-type 
kinetics were observed with rate constants increasing with 
increase in acid concentration and reaching a limiting value. 
Irrespective of the nature of the acid dependent pathway, all 
plots show non-zero intercepts corresponding to the kd values. 
For the lighter lanthanide complexes, it is evident that the rate 
determining step for the acid dependent pathway is the attack 
of H+ on the ligand. For heavier lanthanides the rate 
determining step for this pathway is presumably the proton 
migration from nitrogen to carboxylate oxygen. It is also 
interesting that there is an acetate catalysed pathway for 
complexes of La111 and EuIII, but for the later lanthanide 
complexes the observed rate constants show no dependence 
on the concentration of acetate ion in the buffer. 

The log kd values for LaIII, EuIII, and Lu"1 complexes are 
also plotted in Figure 1, which parallel the trend shown by kobs. 
values. The formation rate constants, k f ,  calculated using the 
relation kf = K X kd,  lie in the 108-109 mol-1 dm3 s-1 range, 
which is in excellent agreement with formation rate constants 
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Figure 1. Plots of logarithmic formation constants (log K ,  +) and 
observed dissociation rate constants (log kobs., 0; log kd 0)  for the 
lanthanide complexes of (1) vs. atomic number. 
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with murexide and also with water exchange rate constants for 
hydrated lanthanide ions.7 

In summary, it is demonstrated that by varying the type and 
number of donor atoms, rigidity, cavity size, and charge on the 
ligand, one should be able to develop selective reagents for a 
closely related group of metal ions such as the lanthanides. 
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