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A B S T R AC T

We report gas phase calculations on uranyl ions (UO2
2+) complexes with symmetrical trialkyl 

phosphates, (RO)3PO, as ligand (L), where, R is a linear or branched propyl, butyl and amyl 
groups. Density functional theory (DFT) using double numerical polarization (DNP) basis set 
with restricted scalar relativistic effect is used to validate the structural features of UO2(NO3)2L2 
complexes against experimental XRD data. The interaction energy and extraction ability of the 
trialkyl phosphates are compared for uranyl (VI) ion. Steric effect of the extracting agent that 
governs the metal extraction is explained in terms of cone angles made by ligands towards 
metal ion. The complexation behaviour of straight chain and branched chain ligands is well 
understood by this study. The relative order of cone angles and interaction energies from DFT 
simulation follow the trend with the experimentally determined distribution coeffi cients. An 
interesting approach of this work is the importance of cone angle in the solvent extraction.
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1. Introduction

In nuclear power generation, separation of U and 
Pu from other fi ssion products and from each other in 
irradiated fuel by solvent extraction is one of the chal-
lenging tasks. Tri-n-butyl phosphate (TBP) is the most 
widely used extractant in dodecane as a diluent. Several 
phosphorus based exractants, such as phosphates, phos-
phinates, phosphonates and phosphine oxides, have 
been extensively studied to understand the role of the 
extractant’s structure on its extraction effi ciency [1–4]. 
Yet, we lag in deciphering the role of the ligand struc-
ture in its extraction effi ciency for a particular metal ion. 
The study of ligands with metal ions in terms of their 
structures, interactions and energetics using Molecular 
Modeling can provide useful and necessary information 

for their applications and can reduce expensive and haz-
ardous experimentation.

The most comprehensive work by molecular 
mechanics (MM) calculations has been presented by 
Sella and Bauer in a series of papers that showed the 
importance of association and electrostatic energy in 
extraction effi cacy of the ligands for the metal ions [5–7]. 
Rabbe et al. have reported a regression model based on 
charge parameters (sum of atomic charges of amidic 
functions of monoamides) and association energy cal-
culated from molecular orbital approach for correlating 
log DU(VI) [8]. Varnek et al. have performed quantita-
tive structure–property relationship (QSPR) modeling 
(based on fragment descriptors) of the distribution coef-
fi cient of uranyl extracted by phosphoryl-containing 
podands [9]. Gas phase studies reported so far discuss 
extractability of U(VI) with neutral organophosphorus 
agents such as, trimethyl phosphate, triethyl phosphate 
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