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Ab initio Hartree Fock calculations of hydrated uranyl and neptunyl ions have been carried out inclusive of the primary
and the secondary hydration spheres. The results suggest that the hydration number n = 5 being the most stable for species Uo%,
NpO,* ,and NpO,**. The result for NpO,* is in conflict with the previous Hartree Fock calculation which only included the primary
hydration sphere, It was concluded that the hydration study of the actinyls should be implemented inclusive of not only the
primary but also the secondary hydration sphere. It was also found out that the apical waters bonding to the axial oxygen of the

actinyls play an important role in the electronic structure of the hydrated actinyls.
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Table 1 Atomic bond lengths and formation energy for the hydrated uranyl and neptunyl.

Actinyl Method* | Hydration ‘Bond Length (A) E ** Reference
Number Ac-Oax Ac-Oeq O-H (hartree) )
U0, HF n=4 1.70 243 1.76 -1569.1186
HE n=5 1.70 2.50 1.82 -1569.1733 -
~ HF n=6 1.70 2.64 1.91 -1569.1623 -
EXAFS n=>5 1.77 242 - - [14]
NpO,* HF n=3 1.73 2.49 1.89 -1578.4894 -
HF n=4 1.74 2.53 1.93 -1578.5433 -
HF n=35 1.75 2.60 1.98 -1578.5692 -—
HF n==6 1.75 2.73 2.23 -1578.4209 -
EXAFS n=4 1.82 2.49 -— -—-- {15}
NpO,** HF n=3 1.66 2.37 1.75 -1578.1716 —
HF n=4 1.66 243 1.80 ~1578.2365 —
HF n=>5 1.67 2.50 1.87 -1578.3276 -—
HF n=6 1.67 2.62 2.10 -1578.1561 -—-
EXFAS | n=5 1.75 242 - — [15]

* HF: Hartree Fock method, EXAFS: EXAFS (Extended X-ray Absorption Fine Structure) measurements

*# Bt = Eppovwi3%(6-0)Ejppq
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Table 2 Mulliken population analysis for non-hydrated and hydrated uranyl.

hydration atom orbital population net charge
] p d f q

none U 1.99 5.75 1.24 2.65 2.36
Oax 4.01 4.14 — — -0.18
primary U 2.06 5.93 1.28 221 2.53
Oax 4.00 4.50 --- — -0.52
Oeq 3.73 4.87 — — -0.61
primary U 2.06 5.86 1.24 2.37 2.48
+secondary Oax 4.00 4.48 -—- - -0.50
Oeq 3.76 4.92 — - -0.69
primary U 2.04 5.87 1.03 2.21 2.83
+secondary Qax 4.00 4.68 - -~ -0.70
+apical Oeq 3.75 4.92 — — -0.67
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