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Binary oxides, among the most fundamental of compounds,
provide insight into an element’s basic chemical properties,
including oxidation state stabilities, coordination preferences, and
bonding. This is particularly true for the 5f actinide series, which
are known to be very oxophilic, with much of their chemistry
demonstrated through the stability of oxide phases. Uranium exhibits
the most structural variety in binary oxides, with numerous phases
and solid solutions reported having U/O ratios between 1:2 and
1:3. An underlying reason for this variety is the stability of two
prominent oxidation states, U(IV) and U(VI). Surprisingly, Pu,
which has stable IV, V, and VI oxidation states in aqueous solution
had, until recently, no binary oxide reported with a ratio greater
than 1:2. The unexpected report of a Bu®? phase has caused
renewed interest in studying higher actinide oxides.
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Np, with three stable oxidation states in solution, 1V, V, and VI, z
has only two stable oxides, Np@nd NpOs, corresponding to
stoichiometric Np(IV) and (V), respectively. Although the structure \ X
of the former compound is known, a detailed structural study of

the Iatte_r _has ye_t to be r_eported, in part because of the difficulty_in Figure 1. Sheets of square and pentagonal bipyramids iRQYgtop).
synthesizing suitable single crystals. Reported routes to quality Additional linkages between the vertices of the Np(3) square bipyramid
Np.Os are limited to formation from high-temperature mélts. and the neptunyl O atoms of the pentagonal bipyramids link the two-

Herein we report a low temperature, aqueous-based synfhesis, dimensional sheet into a three-dimensional framework (bottom).
subsequent characterization, of phase-purgipThe formation
of this compound under such mild conditions is expected to have the first occurrence of such a topological arrangement in a neptunyl
a significant impact on modeling the fate and transport of this compound, although its anions are arranged in the well-known
radionuclide in the environment because Np(V) is usually consid- uranophane anion topology that is the basis for the structures of at
ered highly soluble and unreactive. These results opOywill least 19 uranyl compounds.
allow its further characterization in terms of thermodynamic stability =~ The sheet of polyhedra in NPs contains “catior-cation
and ultimately a reassessment of its role in the environmental interactions” (CCls), which involve the coordination of the oxo
chemistry of Np. anion of one actinyl moiety as an equatorial ligand of an adjacent
The structure of NgDs® contains three symmetrically distinct — actinyl polyhedrorf. The Np(3)Q™ donates two CCls, both of which
neptunyl(V) ions. The Np(1)@ and Np(2)Q*, with average are accepted by pentagonal bipyramids within the sheet. Put another
Np—O bond lengths of 1.87 and 1.89 A, are coordinated by five O way, the Np(3)@" is oriented approximately parallel with the sheet,
atoms at the equatorial vertices of pentagonal bipyramids. Np(1) and its O atoms are equatorial vertices of Np(1) and Np(2)
and Np(2) neptunyl bond angles are 171.0(7) and 1775(8) pentagonal bipyramids. Both O atoms of Np(3)@re equatorial
respectively. The bipyramids are distorted, with equatoriat-Rp vertices of both the Np(1) and Np(2) bipyramids, and have double
bonds that are as much as°Iflom the equatorial plane perpen-  CCls. This connectivity is new in neptunyl compounds but recently
dicular to the Np@" moiety. The average equatorial bond lengths as found in a uranyl structufe.
of Np(1) and Np(2) are 2.46 and 2.47 A, respectively, consistent  Adjacent sheets of polyhedra in b are linked though CCls
with Np(V). Np(3)O;" has longer bond lengths at 1.96 A, a bond i which the Np(1) and Np(2) neptunyl ion O atoms are equatorial
angle of 176(1), and four equatorial O atoms at an average of yertices of the Np(3) square bipyramid of an adjacent sheet, and
2.23 A that define a square bipyramid. Similarly distorted square sheets are offset to facilitate this linkage (Figure 1). The orientation
bipyramids are known from ure.m.yl structutesnd relate to the of Np(3)0,* within the sheet facilitates this connectivity.
details of the structural connectivity. _ ~ The details of the CCls may pertain to the magnetic properties
The Np(1) and Np(2) pentagonal bipyramids share an equatorial 5 the structure. Four O atoms of dioxo groups are involved in
edge, forming a chain one polyhedron wide with neptunyl ions iaqe interactions. The O(4) and O(6) atoms of the Np(1) and Np-
approximately perpendicular to the chain length. The Np(3) square o) nentinyi jons, respectively, link only two neptunyl polyhedra,
b!pyraml_d shgre; two of |ts_, edges ywt_h _adjacent chfeuns of penta_tgqnalwith Np(1)—O(4)~Np(3) and Np(2}-O(6)~Np(3) bond angles of
bipyramids, linking them into an infinite sheet (Figure 1). This is 174(1) and 169.8(7) respectively. In contrast, the O(2) and O(3)
t University of Notre Dame. atoms, both of the Np(3)9 moiety, form double CClIs with Np-
* Argonne National Laboratory. (3)—0(2)—Np(1), Np(3)-O(2)—Np(2), Np(3)-O(3)—Np(2), and
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a. o — fit to the data assuming a modified Curie Weiss Lawy, = C/(T
’ — 0) + x7ie, in Which 6, the Weiss constant, is an indication of an
A . interaction energy between local spins, expressed as a temperature
. : T and y1p is the temperature-independent paramagnetism (TIP).
_.: is the Curie constant and is related to the effective magnetic moment
'\\,l" by uerr = [3kC/(Nug?)]¥? with k as the Boltzmann constarit, as
Temparsars 09 | Avogadro’s number, andg the units of Bohr magnetons, equal to
il 0.927 x 10720 erg/Gauss. The best fit is shown as a line through
Tteeees 1 the data and corresponds to an effective moment of 22{(1a
! e e e Weiss constant of-43(5) K, and a TIP of 1.8(8x 10 4 emu/mol
b. Temperature (K) Np. The magnitude of the observed effective moment is significantly
o007 ) ' " ' smaller than the free ion value of 3.58 expected for an?f
configuration with RusseltSaunders coupling, as previously
observed in two neptunyl(V) sulfate compounds that exhibit
1 ferromagnetic ordering?!® In contrast, the reduced moment for
Np.Os of 2.2(1)ug is consistent with those previously observed in
BT paramagneti€ and ferromagnetié systems as well as the only other
antiferromagnetic materiaf. Although the reduced moment may
be the result of crystal-field effects on the f-spin stdfefsirther
. . . . work is necessary to reveal both the details of the magnetic ordering
A PR as well as the electronic details of the Nround state.

Temperature (K}

Figure 2. The magnetic susceptibility obtained from 3.8 mg of powdered Acknowledgment. This work was supported by the Office of

Np2Os under an applied field of 10000 Gauss. The magnetic susceptibility, . . .
plotted as a function of (a) showing the cusp at 22 K, and (b) above the ~>ci€nce and Technology and International (OSTI) of the Office
ordering temperature. The solid line represents the best fit to the data, using0f Civilian Radioactive Waste Management (Grant DE-FC28-

a modified Curie-Weiss law. The inset shows the same data, plotted as 04RW12255) (ND) and by the U.S. DGEBES-Chemical
the inverse susceptibility versds Sciences, under Contract DE-AC02-06CH11357 (ANL) .
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Np(3)-O(3)~Np(1) bond angles of 142(1), 106(1), 143(1), and Supporting Information Available: Complete ref 1, crystal-
104(1y, respectively. lographic CIF file for NpOs, experimental methods. This material is

The structure of K(UO,),0; contains a sheet of uranyl available free of charge via the Internet at http://pubs.acs.org.
polyhedra that is topologically identical to that in )O3, but the
sheets contain no CCls and are linked through bonds to interlayer
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