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203/212Pb(II) macrocyclic complexes have potential in cancer theranostics as cytotoxic α 

emitters [1,2]. In order to utilize these complexes in vivo and for any other applications, their 

behavior in various conditions must be understood. This work first experimentally examines 

the thermodynamic and kinetic properties of a series of Pb(II) complexes with 

tetraazamacrocyclic-based ligands. The rates of formation and dissociation of these complexes 

in varying conditions were monitored using UV-Vis spectroscopy. The most thermodynamically 

stable complexes with Pb(II) are formed with a ligand with four acetate-based pendant arms, 

while the most thermodynamically labile complexes have a larger or smaller cavity or 

phospinic-acid based pendant arms. The complexes with the fastest rates of formation are those 

with phosphinic-acid based pendant arms or a smaller cavity. The mechanisms of formation and 

dissociation of these complexes are also proposed.  

This work further examines the investigated complexes using computational chemistry. 

DFT calculations using the PBE0 functional with the Def2TZVP basis set were used to optimize 

the geometries of the complexes and calculate parameters such as bond length. The AIMAll 

program was also used to calculate the delocalization indexes of the optimized complexes. 

These values were then correlated with experimental results, such as stability constants and 

rates of formation/dissociation, and certain trends were observed. Complexes with longer Pb-

N bond lengths and lower complex energies have faster rates of formation, while complexes 

with longer Pb-O bond lengths and a higher delocalization index have enhanced kinetic 

inertness, a larger stability constant, and a longer complex half-life. This information can be 

used for the rational design of ligands having desired properties for the specific application of 

interest. 
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Figure 1 – a) calculated structure of the Pb(II)-DOTA complex, b) 

dissociation of the Pb(II)-DOTA complex in 1M HClO4, and c) graph 

showing the correlation between the formation rate constant k2
f and 

the average Pb-N bond length for all investigated complexes. 


