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The structure of agrinierite: a Sr-containing uranyl oxide hydrate mineral
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ABSTRACT
The structure of agrinierite, K2(Ca0.65Sr0.35)[(UO2)3O3(OH)2]2·5H2O, orthorhombic, F2mm, Z =
16, a = 14.094(2), b = 14.127(2), c = 24.106(4) Å, V = 4799.6(1) Å3, was solved by direct methods
and refined by full-matrix least-squares techniques to an agreement factor (R) of 6.55% and a goodness-of-fit (S) of 0.851 using 2710 independent observed reflections collected with MoKα X-radiation and a CCD-based detector. This layered material contains four unique U6+ positions, each of
which is part of a nearly linear (UO2)2+ uranyl ion. The U6+ cations are further coordinated by five
anions occupying the equatorial vertices of pentagonal bipyramids that are capped by the uranyl ion
O atoms. The uranyl polyhedra are linked by the sharing of equatorial vertices and edges in a fashion
topologically identical to the α-U3O8 sheet found in billietite, protasite, becquerelite, richetite,
compreignacite and masuyite. The arrangement of hydroxyl anions within the sheets varies in these
minerals; that of agrinierite is identical to protasite. The cations (Ca, Sr, and K) and H2O reside in the
interlayer region of the structure. The inclusion of Sr in the structure of agrinierite suggests that the
release of radioactive 90Sr may be impacted by incorporation into this phase if it forms in a geological repository for nuclear waste.

INTRODUCTION
6+

Uranyl (U ) oxide hydrate minerals often form as alteration products of uraninite (UO2+x) and commonly occur in the
oxidized portions of U deposits, mine tailings piles, and soils
contaminated with actinides. In addition, experimental studies
have shown that these phases form due to alteration of spent
nuclear fuel (mainly UO2+x) and natural and synthetic uraninite
when subjected to moist oxidizing conditions similar to those
found at the proposed nuclear waste repository at Yucca Mountain, Nevada (Burns et al. 1999; Finch et al. 1999a, 1992; Finn
et al. 1996; Pearcy et al. 1994; Wronkiewicz et al. 1992, 1996;
Wronkiewicz and Buck 1999). These investigations have also
shown that fission products such as 137Cs and 90Sr and actinides
such as 237Np and 239Pu are retarded with the alteration products, although the mechanisms are largely unknown (Finn et
al. 1996). Thus, the formation of uranyl minerals in a geological repository may impact the release of radionuclides into the
surroundings of the storage site.
Agrinierite was described in 1972 by (Cesbron et al. 1972),
but was not heretofore characterized structurally. It forms
in association with rameauite, becquerelite, billietite,
compreignacite and schoepite. As some of these (and other) UO-H materials are also found in the laboratory studies of spent
fuel oxidation, it is possible that agrinierite may also form under similar conditions.

EXPERIMENTAL METHODS
A sample of agrinierite from Mine de Margnac II, France
was obtained from the Canadian Museum of Nature (Sample

* Present address: Department of Chemistry, George Washington University, Washington, D.C. 20052, U.S.A. E-mail:
ccahill@nd.edu
0003-004X/00/0009–1294$05.00

Number CMNMC 81102). From this, a single crystal was selected and mounted on a glass fiber and diffraction data were
collected on a Bruker SMART 1K CCD with a crystal-to-detector distance of 5.0 cm. A hemisphere of three-dimensional
data was collected using a frame width of 0.3° and MoKα Xradiation. The unit cell was refined from 794 reflections using
least-squares techniques. The data were reduced and corrected
for Lorentz, polarization and background effects via the Bruker
program SAINT (Bruker-AXS 1998a). An empirical absorption correction (XPREP; Bruker-AXS 1998c) was performed
by modeling the crystal as a (010) plate and discarding reflections with a plate-glancing angle of less than 3.0° (12 reflections). This reduced the Rint of 369 reflections with I>15σ from
0.24 to 0.079. This procedure has been used extensively in correcting for the effects of highly absorbing species such as U6+
and has been discussed at length in Finch et al. (1999b) and in
the SHELXTL software suite (Bruker-AXS 1998b). Details of
the collection and refinement are given in Table 1.

STRUCTURE SOLUTION AND REFINEMENT
Structure solution and refinement were carried out with
SHELXS and SHELXL respectively within the Bruker suite of
programs SHELXTL (Bruker-AXS 1998b). Systematic absences were consistent with space groups F2mm, Fmmm, and
F222. Solutions were attempted in all of these space groups,
including the different axes choices for F2mm. Spacegroup
F2mm (number 42) was pursued initially based on the lowest
R-factor immediately post solution. Straightforward and successful refinement and subsequent re-investigation of other
space group possibilities confirmed this choice. The initial
model contained the U positions, while the anions and interlayer
cations (Ca, Sr, and K) were located in difference-Fourier maps
calculated following later stages of refinement. The occupancies of Ca and Sr were initially assigned to be consistent with
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