Vol.9 No.2

B3LYP
1:3

(HOMO)

Keywords:

(LUMO)

We studied the structure and bonding of uranyl carboxylic complexes by B3LY P hybrid density functional theory calculations
The geometry of uranyl oxalate 1:3 complex was discussed in terms of relative energy difference among theisomers It was found
out that there are several isomers that lie close in energy  The complexation of uranyl ion with formic and acetic acid was
interpreted as the interaction of the HOMO (highest occupied molecular orbital) of carboxylic acid and the LUMO (lowest

unoccupied molecular orbital) of uranyl ion  Consequently

favors bidentate coordination
Keywords: quantum chemical calculation  uranyl ion
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Table 1 Successive hydration free energies, A G (kcal/mal),
of K*, Ag’, and Cs" ions in gas phase. Third row is U
calculated value (at B3LYP/ECP level), fourth row is + 10kcal/mol
experimental result (from ref.[9]).
M*  reaction -AG(cac) —AG(expt) UO,(OH)(s)
K* 0—>1 11.3 11.4
152 8.7 8.9
AGt 0->1 23.7 24.8
9 1502 19.8 18.6
cst 0->1 7.2 7.9
152 53 5.9
uo*
(C04%) UO,(C04)5"
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Table 2 Calculated and experimental hydration energy of variousions and molecules (kcal/mal).

H,O HO" Na K* Ag- Mg® AP Th* cr s*
calc .77  -108 -844 -415 -751 -399 -989 -1283 -756 -296
expt™@ 63 102 -896 -727 -114  -439 -1083 -1392 -750 -299
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Fig.1 Schematic views of globally (left) and locally (right)
bidentate coordination of oxalic acid to uranium.
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Table 3 Aqueous theomechemistries of UO,(C,04)s" in water at T = 298.15K and p = latm at B3LYP level of

theory. Sructures 1 to 7 correspond to thosein Fig.2.

Tota binding energy

SCF energy Gibbs free energy PCM energy - AT Number of imaginary
Structure in solution >
(hartree) (hartree) (kcal/mal) (kcal/mol) frequency
1 - 1333.3962 - 1333.3656 - 554.54 +4.8 3
2 - 1333.4148 - 1333.3863 - 536.37 +9.8 3
3 - 1333.4319 - 1333.4079 - 527.26 +55 0
4 - 1333.4125 - 1333.3868 - 541.65 +4.3 2
5 - 1333.4066 - 1333.3809 - 548.36 +1.3 2
6 - 1333.4133 - 1333.3889 - 544.64 0.0 1
7 - 1333.4152 - 1333.3897 - 509.76 +34.4 2

1) binding energy relative to Structure 6

2) all imaginary fregeucnies are in the range -100cm™* ~ Ocm'®
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Fig.2 Perspective views of seven UO,(C,0.)s"
Oxalateligandsin structure 1 are globally bidentate, in structures 2 and 3 locally bidentate, and structures 4 to 6
have both global and local bidentate coordination. Uranium in structure 7 is five-coor dinated, and bounds to one
monodentate and two globally bidentate oxalate ligands.
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Fig.3 Atomic chargesof HCOO' (left) and CH;COO™ (right) ions obtained by Mulliken population analysis.
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Fig. 4 The Molecular Orbital Surfaces of the

HOMO (highest occupied molecular orbital) of
HCOO™ and CH3;COO™ and the LUMO (lowest
unoccupied molecular orbital) of UO,2".
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