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INTRODUCTION

Autunite, Ca[(UO2)(PO4)]2(H2O)11, has been recognized for
at least 150 years (Brooke and Miller 1852). Owing to its
pseudo-tetragonal symmetry and rapid dehydration in air
(Sowder et al. 2000), the structure of autunite has never before
been determined, and the nature of the interlayer configura-
tion, H2O content, and hydrogen bonding were unknown. Au-
tunite is the namesake of the autunite and meta-autunite groups,
which consist of ~40 hydrated uranyl phosphate and arsenate
minerals (Finch and Murakami 1999). We are interested in the
structures, chemistries, and stabilities of autunite-group min-
erals because of their significance to the environment. They
form in abundance and impact the mobility of uranium in phos-
phate-bearing systems (Sowder et al. 1996), such as the
Koongarra uranium deposit in Australia (Murakami et al. 1997).
Autunite largely controls the mobility of uranium in soils con-
taminated by actinides, such as at the Fernald site in Ohio (Buck
et al. 1996), and the K1300 locality of the DOE-K 25 site at
Oak Ridge, Tennessee (Roh et al. 2000). Autunite-group min-
erals are bioprecipitated by Citrobacter sp., which is proposed
for remediation of groundwater contaminated by heavy metals
(Basnakova et al. 1998; Macaskie et al. 2000). They have been
found in experiments involving bacteria extracted from the
Waste Isolation Pilot Plant repository (Francis et al. 2000).
Autunite-group minerals precipitate at reactive barriers that use
phosphate to limit the transport of uranium in groundwater
(Fuller et al. 2002), and their stabilities under vadose- and satu-
rated-zone conditions may determine the long-term effective-
ness of these remediation strategies.

Museum specimens designated as autunite are almost in-

variably meta-autunite; our experiments have shown that autu-
nite is unstable in air, and will dehydrate within minutes, re-
sulting in strained crystals that give very poor quality
single-crystal diffraction data. We have developed a technique
for the synthesis of superb crystals of autunite, and have col-
lected X-ray diffraction data for a single crystal contained within
its mother solution. This has permitted the full determination
and refinement of its structure, and elucidation of a probable
scheme of hydrogen bonding.

PREVIOUS STUDIES

On the basis of its crystal morphology and biaxial optical
character, autunite was thought to have either orthorhombic or
monoclinic symmetry by early workers (Goldschmidt 1918;
Larsen and Berman 1934; Frondel 1958, and references therein).
An X-ray diffraction study conducted by Beintema (1938) in-
dicated that the structure of autunite is tetragonal, space group
I4/mmm, a = 6.989, c = 20.63 Å (corrected from kX units to a
= 7.003, c = 20.67 Å in Frondel 1958; see also Bunn 1961),
with the measured a and b dimensions differing by less that
1%. Most modern compilations state autunite is tetragonal (e.g.,
Strunz and Nickel 2001; Gaines et al. 1997), which implies
that its biaxial optical character is anomalous.

EXPERIMENTAL METHODS

Single crystals of autunite were grown over the course of
four months by slow diffusion of 0.1 M H3PO4(aq) and 0.1 M
UO2(NO3)(H2O)6(aq) into a Ca-bearing silica gel formed by the
hydrolysis of a mixture (1:10) of (CH3O)4Si(liq) and 0.1 M
Ca(NO3)2(H2O)4(aq). The crystals are biaxial negative; 2V is ~30∞.
A suitable crystal was sealed in a glass capillary (0.5 mm ex-
ternal diameter) with a volume of its diluted growth solution,
and mounted on a Bruker PLATFORM three-circle X-ray* E-mail: alocock@nd.edu
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ABSTRACT

Autunite, Ca[(UO2)(PO4)]2(H2O)11, is amongst the most abundant and widely distributed of the
uranyl phosphate minerals, yet because of its pseudo-tetragonal symmetry and rapid dehydration in
air, the details of its symmetry, stoichiometry, and structure were previously uncertain. The crystal
structure of synthetic autunite was solved by direct methods and refined by full-matrix least-squares
techniques to agreement indices R1 = 0.041, calculated for the 1497 unique observed reflections (|Fo|
≥ 4sF), and wR2 = 0.119 for all data. Autunite is orthorhombic, space group Pnma, Z = 4, a =
14.0135(6), b = 20.7121(8), c = 6.9959(3) Å, V = 2030.55(15) Å3. The structure contains the well-
known autunite type sheet with composition [(UO2)(PO4)]–, resulting from the sharing of equatorial
vertices of the uranyl square bipyramids with the phosphate tetrahedra. The calcium atom in the
interlayer is coordinated by seven H2O groups and two longer distances to uranyl apical O atoms.
Two symmetrically independent H2O groups are held in the structure only by hydrogen bonding.
Bond-length-constrained refinement provided a crystal-chemically reasonable description of the
hydrogen bonding.


