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Preferential selectivity of Am3+ over Eu3+ towards CyMe4-BTPhen compared to CyMe4-BTBP: DFT and Born-Haber thermodynamic cycle based investigation
Anil Boda, Sk. Musharaf Ali*, K.T. Shenoy
Chemical Engineering Division, Bhabha Atomic Research Centre, Trombay, Mumbai – 400 085
*E-mail: musharaf@barc.gov.in
The separation of the radioactive minor actinides from the lanthanides is a major challenge in nuclear waste reprocessing. But, the availability of the 5f orbitals in the actinides compared to 4f orbitals of lanthanides makes the separation possible. Recently, the heterocyclic ligands with soft N atoms are used for the separation of actinides and lanthanides. Among them tridentate 2,6-bis(1,2,4-triazin-3-yl)pyridine ligands (BTPs) and the quadridentate 6,6-bis(1,2,4-triazin-3-yl)-2,2-bipyridine ligands (BTBPs)[1] have been exhaustively investigated for their ability to carry out this separation. One limitation of BTBP ligand is that a conformational change from the trans-conformation to its less-favored cis-conformation is required prior to coordination with the metal ion. A cis-locked 2,9-bis(1,2,4-triazin-3-yl)-1,10-phenanthraline (BTPhen) was synthesized to overcome this conformational cost, which exhibits improved complexation of Am3+ over Eu3+ ion. However, the fundamental reasons for the higher extraction capabilities exhibited by the BTPhen ligands compared to BTBP ligands requires a basic knowledge of the interactions of An3+ and Ln3+ cations with N-donor ligands.


In this context, we have chosen DFT in conjunction with Born-Haber thermodynamic cycle approach [2] to determine the free energy of the following complexes for both Am3+ and Eu3+ with CyMe4-BTPhen and CyMe4-BTBP. The present study explains the selectivity of Am3+ over Eu3+ with CyMe4-BTPhen compared to BTBP.
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Figure : Optimized 1:2 complexes of Am3+ and Eu3+ with CyMe4-BTPhen at BP86/TZVP level of theory
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