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From an historical perspective, the chemistry of actinide ions
under acidic conditions is relatively well-knownand near-
neutral solution chemistry has received considerable attention
due to its relevance to radioactive waste isolation and disgosal.
In contrast, actinide solution chemistry under strongly alkaline
conditions, such as those found in aging waste tanks within the
DOE complex, is poorly understood. Alkaline conditions can
stabilize high oxidation states such as V, VI, and even*VII.
The heptavalent oxidation state of actinide ions is rare, but has
been known since the late 1960's.Single crystal X-ray
structures have been determined fosNRO4(OH),-nH,O® and
Co(NHz)sNpO4(OH),:2H,0,” which display the highly unusual
tetragonal bipyramidal Np§0OH),>~ central corel() in the solid
state. However, from alkaline solution, one can also isolate
infinite chains such as LiCo(NgsNp2Og(OH),:2H,0 (I1),8 or
layered solids such as MNp@M = Cs, K) which, based on
marginal Rietveld refinement (R12.1), is reported to contain
a NpQ3t central core I{l ).° No simple anion of formula
NpO;~ (IV), akin to MOy~ (M = Re, Tc, Mn), has been
observed. Based on the solid state structuré, @f has been
argued thal must exist in alkaline solutioh? There are no
data to support this claim. We report here an XAFS study to
determine the structure of Np(VIl) in alkaline solution.

Alkaline Np(VIl) solutions (0.03 M) were prepared by
bubbling G through a 2.5 M NaOH solution containing NpO
(OH),,*° and the resulting dark green solution was characterized
by using UV-Vis—NIR spectroscopy. Solution spectra re-
vealed absorption maxima at 416 € 1350 M~* cm™1) and
625 nm € = 385 M1 cm1), consistent with previous reports
of alkaline Np(VII) solution® These solutions are stable for
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Figure 1. XANES andk3-weighted EXAFS (inset) spectra of Np-

(VIl) in 2.5 M NaOH solution. For the EXAFS spectra (inset), the
solid line is the data, and the dashed line is the fit.
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several months when sealed under ana@nosphere. X-ray
absorption measurements of these Np(VIl) solutions were
performed at the Np |,-edgel! and calibrated against a Zr féfl.
Curve-fitting amplitudes and phases were calculated with
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The X-ray absorption near-edge structure (XANES) of the
Np(VIl) solution is shown in Figure 1, where it can be seen
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Figure 2. Background-subtractekf-weighted EXAFS spectra of Np
oxo ions showing the Np(V) tris-carbonato complex (dashed line), and
Np(VIl) in 2.5 M NaOH solution (solid line). The inset shows a
comparison of the isolated EXAFS for the=®lp=0 shell for both
species; the nearly identical amplitudes are consistent with two oxo
units in both species.

Table 1. Summary of EXAFS Resuftdor Np(VII) Green
Solution Fit tok® (k = 3—11)

bond r (&) oA n
Np=0 1.85(2) 0.03 1.8
Np—O 2.18(3) 0.08 4.1
Np—O 2.43(3) 0.001 1.0

Communications to the Editor

shell (3.7 A) was essential to the fit of Np(V) ddteas well as
other dioxo iond? and made contributions to the Np(VI) fits.
The four short Np-O distances of 2.18 A are consistent with
expectations for terminal NpOH bonds, of which the only
reported examples are those found in the unusual struckures
andll which span 2.26(4)2.32(1)A5° The observed distance
of 2.18 A is more typical of related terminal ArOR distances
which span 2.152.25 A7 and can be compared with 2.153-
(6) and 2.197(5) A seen in WEDR),(PhsPOY, where R= O-t-
Bu'® and O-2,6i-Pr,CgHy,1° respectively. The single NpO
distance of 2.43 A is typical of a coordinated water molecule,
and can be compared to 2.42(1) A observed in structures
containing the UQOH,)s2" ion.20

The EXAFS data show that the Np(VIl) species in alkaline
solution contains a trargioxo ion, formally based on an Np&
central unit, which must be coordinated to Oldnd possibly
OH; ligand(s). The uncertainties for the number of O atoms in
the latter two shells is roughl¢1, consistent with a formulation
NpO2(OH),(OHy)2 ", where the best fit{(= 4, m= 1) is
suggestive of a pentagonal bipyramidal coordination motif
common to many trans dioxo actinide iochsOur conclusion
that these Np(VII) species are tragi®xo ions is unequivocally
demonstrated in the amplitudes of the isolated EXAFS of the
oxo shells shown in the inset to Figure 2 (obtained by subtracting
the sum of the EXAFS of the other shells from the data). The
amplitude of the Np(VIl) oxo shell is identical with that of a
bona fide dioxo ion (Np@CO3):°7), confirming the assignment
of only two O atoms in this shell, in contradiction to previous
literature claim$:” Additional studies to determine the solid-
state structure, number of equatorial ligands, and solution
dynamics are in progress.
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based on the contribution for that shelAE, for all shells= —6.00

eV, scale factor for all shellss 0.85,0 was allowed to vary between
different shells but held fixed for the same shell for different samples.

that the white line is uncharacteristically strong. In addition,
the k3-weighted EXAFS (Figure 1 insert) shows a relatively flat
signal at lowk, which implies the presence of more than one
antiphased contribution at a short bond distance around Np-
(VIl). EXAFS Fourier transform moduli of the Np(VIl) solution
spectrum along with that of the well-known Np(V) tris-carbonato
anion, NpQ(CQOs)3°~, are shown in Figure 2. The first two
peaks in the FT spectrum (Figure 2) for (NgOOs)3>")
correspond to two O atoms of the dioxo unit=Qlp=0 at 1.86

A, and six O atoms of the equatorial ligands at 2.58 ACurve
fitting for the Np(VII) species reveals that the first peak in the
FT spectrum contains two shells with a small bond length

separation generating the appearance of only a single peak. Th(ﬁ'e

first shell corresponds to two O atoms (Table 1) with a=M\p
distance of 1.85 A consistent with the interpretation oliaxo

ion. The second shell at 2.18 A is best fit by four O atoms,
and the third shell at 2.43 A is consistent with a single O atom
(Table 1)!5 Inclusion of a G=Np=0 multiple scattering (ms)
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