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The local structure of trivalent lanthanide ions in
liquid media has a great interest in the lanthanide-
actinide separation process. Numerous studies
performed on lanthanide salts with different
counter-ions and ligand molecules have shown a
great dependence between the solvation number
of the cations and the composition of the solution
(nature  of  counter-ions,  solvents  and
concentration). For lanthanide nitrates, earlier
studies have shown that the coordination number
ranges between 8 and 11, and the coordination
distance Ln-O(NOs) is about 2.5A, where nitrate
ions can have a mono- or bidentate structure.

In the present work, we investigate the structure
of trivalent neodymium  nitrate solvated in
ethanol. The first-order isotopic-difference study
of the Nd’* based on isotopes of "Nd and '*Nd is
applied to get direct information regarding the
Nd** solvation. The concentration of the solutions
is 1.56mol/I.

Experimental procedure

The samples were synthesised by dissolving the
oxide Nd,Os3 (91.58 % 5Nd enrichment, from
Oak Ridge National Laboratory) in DNO; (3M)
following the chemical reaction:

Nd203 +6 DNO3 — 2 Nda\IO3)3 +3 DZO
The D,O was completely evaporated after a
magnetic mixing at 60°C. The obtained
Nd(NO;); in solid state was then dissolved in
deuterated ethanol. This procedure was performed
in parallel for the two isotopic solutions
containing '“Nd and "™Nd. A first
characterisation of the samples has been done
with ICP (Induced Coupled Plasma) and IR
(Infra-Red) techniques in order to check that the
concentration of Nd was the same for both
isotopic solutions and that no light water was
present.

The neutron diffraction experiments were carried
out on the spectrometer 7C2 situated at the hot
source of the Orphée reactor at the Laboratoire
Léon Brillouin, Saclay, with neutron beam of
2=0.963A . The solution was contained in a
cylindrical vanadium cell 0.lmm thick with an
inner diameter of 6mm. Scattering data were
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gathered on the two isotopic samples at room
temperature and at -25°C. Scattering spectra were
also measured for empty container, and the
background (empty cryostat). Normalisation of all
data was done by using a vanadium rod of 6mm
diameter. Attenuation and multiple scattering
corrlections were applied to the normalised data
sets .

Theoretical background

The first-difference method was applied to get
directly interactions involving neodymium ions.
The first-order difference function can be
expressed as” :

A (q) = Clz\/d (bi,dms - bi,dnuz (S vava (@) — 1)
+ 22,66, (b =) (S0 (@) =1

a#Nd

where  Sng.q 1S the structure factor of the
interaction between Nd and the atoms of type a of
atomic concentration ¢, and a scattering length b,,.
Information in the real space are obtained from
the radial distribution function Gyg(r) which is
given by Fourier transformation of Ana(q).

The coordination number of atoms of type o in a
spherical shell between the radii r; and r, around
Nd*" is given by:

__ Ampe,
© 2c,0,b,Aby,

r2
J.(GNd (r) - chacNdbaAbNd )ridr
rl

a#Nd

Results and discussion

Figures 1 and 2 show the first order difference
function Ang(q) and the radial distribution
function Gnq(r), respectively. The fitting of the
experimental curve is obtained by RMC code’.,
Following earlier studies performed on lanthanide
jons in different solvents®, The peak at c.a. 2.3A
corresponds to oxygen atoms of nitrate ions
and/or ethanol molecules.
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Figure 1. First order difference function Ayg(q) for
solution of 1.56 M neodymium nitrate in ethanol at
-25°C. The dashed is the fitting of the experimental
curve (continuous line).
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Figure 2 : The Nd*" radial distribution function Gyq(r)
for solution of 1.56 M neodymium nitrate in ethanol at
—25°C.

Assuming that the ethanol molecules are disposed
symmetrically with respect to the Nd-O bound
axis, and following the geometry of the ethanol
molecule’ the well resolved peak at 2.93A is
attributed to D atoms of the alcohol group. This
corresponds to a coordination number Ny” = 4.1
+0.2.

The number of O (Nng”) atoms obtained by
integrating over the peak at 2.31A, when fitted
with a Gaussian function, is larger than Nyg".

This means that this first peak does not include
only the O atoms of ethanol, but also O atoms of
nitrate ions. Indeed, the region between 2.01A and
2.68A canbe decomposed into two distinct
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peaks as shown in figure 3. These are situated at
2.26A and 2.45A and correspond to Ny *©” = 4.2
+ 0.2 and Ny"MN%) = 44 + 02 respectively.
Conductivity = measurements performed on
solutions of Nd(NOs); dissolved in C,HsOH, of
different concentrations (from 0.1M to 1.58M),
have shown that no nitrate dissociation occurs in
the solution which means that the three anions
remain coordinated to Nd*". Hence, the
coordination number Ny °™°; comprised between
4 and 5 is consistent with one mono- and two
bidendate, or two mono- and one bidentate nitrate.
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Figure 3 : Total radial distribution function AGyg(r) for
our solution at —25°C. Contineous lines are the fit of
the total AGyqy(r); dashed lines represents the partials
corresponding to gng-o(o)(r) and gna.omos)(r)

Thus we can deduce that the first solvation shell
of the neodymium is composed of 4 ethanol
molecules and 3 nitrate anions.

The first-order isotopic-difference technique have
been applied to describe the local order around
Nd*" ions in presence of nitrate anions in ethanol.
The obtained results indicate that both the nitrate
anions and the ethanol molecules compete for the
coordination sites to form (Nd(NOj3);, 4C,DsOD)
species, with the coordination distances Nd--
O(OD) = 226A and Nd--O(NO;) = 2.45A.
Comparison between spectra measured at +25°C
and —25°C does not show any evolution of the
structure in this range of temperature.
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