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Knowledge of the structural characteristics of actinyl ion
aqua complexes , i.e, the number of water molecules N in
the inner hydration shell are essential for the interpretation
of the physical-properties of actinides ions.

The primary hydration numbers were calculated as
follows:
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where Vi, is the volume of the bare ion, Vyyq; the volume
of the aquo ion’s primary hydration sphere and Vy ,, the

volume of a water molecule in the first hydration shell. As
simple geometric model, the MO, (n = 1, 2) ions were
described by ellipsoids of revolution with the axis O-M-O
as axis of revolution and the volume of the bare ion
expressed by:
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with ry the ionic radius of the central metal atom M (CN =
6) [1], dy.o the interatomic distance in the actinyl ion [2]
and & an additional length to the interatomic distance
taking into account the space occupied by the oxygen
atoms. The value of & was estimated from the lattice
parameter a, of the corresponding actinide dioxide MO,
(CaFy-type) [3] and using the value 1. = 1.38 A (CN =

4) as follows:
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Because of the partial shielding of the central metal atom
M by the oxygen atoms, the first hydration shell was
supposed to extend from M with the thickness Ar; only in
the plane perpendicular to the O-M-O axis (equatorial
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plane). Thus using Eq.(2) the volume of the aquo ion’s
first hydration sphere may be written
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According to [4], the value of Ar; was set to 2.33(7) A
independently of the charge and size of the ion. The
volume occupied by a water molecule in the hydration
shell was calculated using the Conway’s formula [5]
which takes into account electrostriction (reduction of the
volume) caused by the charge of the ion:

Zy € -

Visor =[K(—2=) +11° V., (5)

E’OEr X

with z, the effective cationic charge of M [6], €, the
dielectric constant of water, )y = (ry + Ary/2) the mean
distance from the ion, K = 1.1 10!, G = 0.15 and Vio=

30 A’ the liquid volume of a bulk water molecule.

The data used for calculations are listed together with the
resulting values of N in Table 1. The calculations reveal 5
water molecules coordinated to the central actinde ion M
in MO," which is in good agreement with recent
published data based on experimental measurements [7,8].
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Table 1. Data used for the determination of the hydration numbers N of the actinyl ions MO,"".
Iy, 2y 1onic radius (CN = 6) and effective charge of the metal ion M, d.o interatomic distance in the actinyl ion, a, lattice parameter
of the actinide dioxide MO, , 4 additional length to dy.. for the space occupied by the oxygen atoms, Vo, volume of the bare ion,
Viya,1 volume of the aquo ion’s primary hydration sphere, VHzOJ volume of a water molecule in the first hydration sphere.

Ton v Zm dmo ag ) Vion Vhya,1 Vioi N
[A] [A] [A] [A] [A%] [A%] [A%]

N 0.76 224 181(2) 15470 0527(6) 5.65(6)  934)  183@) 4602
U0, 0.73 323 1.782) 0.518(6) 5.13(6)  90(4)  168(3)  5.1(2)
NpO,* 0.75 240 1.83(2) 15425  0.537(6) 5.58(6)  94(4)  18.4(4)  48(2)
NpO,* 0.72 319 1.8002) 0.529(6) 5.06(6) 91(4)  1683)  5.1(2)
PuO," 0.74 255 1.85(2) 15396  0.546(6) 5.50(6)  954)  18.0(4)  5.0(2)
Pu0,* 0.71 318 1.822) 0.537(5) 498(5) 91(4)  1673)  52(2)
AmO, 0.73 208 1.86(2) 15374  0551(6) 5.38(6)  954)  19.0(4)  47(2)
AmO> 070 278 1.83(2) 0.543(5) 487(5) 91(4)  17.43)  5.0(2)







	Primary hydration numbers of actinyl ions
	Institut für Kernchemie, Johannes Gutenberg-Universität Mainz


