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Abstract
Revision of crystal structure of the rare U-oxide mineral richetite provided crystallographic evidence for the presence of pentavalent U. The structure of richetite, space group P1, a = 12.0919(2), b =
16.3364(4), c = 20.2881(4) Å, a = 68.800(2), b = 78.679(2), g = 76.118(2)°, with V = 3600.65(14) Å3
and Z = 1, was solved by charge-flipping algorithm and refined to an agreement index (R) of 5.6% for
9955 unique reflections collected using microfocus X‑ray source. The refined structure, in line with
the previous structure determination, contains U-O-OH sheets of the a-U3O8 type (protasite topology) and an interstitial complex comprising Pb2+, Fe2+, Mg2+ cations and molecular H2O. However,
the polyhedral geometry, the bond-valence sum incident at one U site within the sheet (U17) together
with charge-balance requirements, indicate that U17 site is occupied by U5+. The U17F7 (F: O, OH)
polyhedra is distorted, with two shorter U–O bond-lengths (~2.01 Å), four longer U–O bond-lengths
(~2.2 Å) and one, very long U–O bond (2.9 Å). The color of richetite also supports the presence of
U5+ in the structure The current results show that a-U3O8 type of sheet can incorporate U5+. Richetite
is the third mineral containing pentavalent uranium that occurs in nature.
Keywords: Richetite, uranyl oxide hydroxy-hydrate, crystal structure, pentavalent uranium,
weathering

Introduction

Redetermination of the crystal structure

Uranyl-oxide hydroxy-hydrate minerals (further labeled
as UOH) are important products of supergene weathering of
primary U4+ minerals, predominantly uraninite. They form in
the initial alteration stages and are common constituents of the
oxidized parts of uranium deposits, and usually replace uraninite
in situ, forming massive aggregates called “gummites” (Finch
and Ewing 1992; Finch and Murakami 1999; Krivovichev and
Plášil 2013; Plášil 2014). Weathering of uraninite, also called
hydration-oxidation weathering, is of further relevance because
of the analogy between the alteration of uraninite and UO2+x in
spent nuclear fuel (Janeczek et al. 1996). The crystallography
and crystal chemistry of this mineral group has attracted a lot of
attention and this group is nowadays extensive (see e.g., Plášil
et al. 2016). These minerals and the synthetic UOH phases have
been studied intensively by X‑ray diffraction and only a few of
their structures are unknown.
Richetite is a rare UOH mineral, occurring at few localities
in the world. It was originally described by Vaes (1947) from
Shinkolobwe mine, Haut-Katanga province, Democratic Republic of Congo, Africa, and later studied by Piret and Deliens
(1984). Richetite has a large triclinic unit cell (Burns 1998),
which is in line with results of Piret and Deliens (1984). However, the structure has several issues prompting reexamination
of the structure.

The crystal used in this study was obtained from a sample
provided by Jean-Claude Leydet (Brest, France) and originates
from the type locality, Shinkolobwe mine (Haut-Katanga province,
DRC, Africa).
A tabular grayish brown fragment of richetite was selected
under an optical microscope and used for X‑ray study. Data
were collected using a Rigaku (Oxford diffraction) SuperNova
diffractometer, using MoKa radiation (l = 0.71073 Å) from a
micro-focus X‑ray tube collimated and monochromatized by
mirror optics and detected by an Atlas S2 CCD detector. From
39 599 collected reflections, 13 469 were independent and 9955
were unique observed with the criterion Iobs > 3s(I). Integration
of the diffraction data, including corrections for background,
polarization and Lorentz effects, was done using the CrysAlis
RED program. The absorption correction combining empirical scaling and spherical-absorption correction was done with
CrysAlis program; SCALE3 Abspack algorithm.
The structure of richetite was solved by the charge-flipping
algorithm using the SHELXT program (Sheldrick 2015). The
structure model was refined by full-matrix least-squares in
the Jana2006 program (Petříček et al. 2014) based on F2. The
reflection conditions were consistent with the space-group
P1, which was further confirmed by the successful refinement. The possibility for twinning by reticular merohedry was
tested by Jana2006 (Petříček et al. 2016) (transformation matrix
1 –2 –1/1 0 0/0 –1 1), however it was negative. The crystal used
for the experiment was found to be a split crystal; the contribution
of the second fragment to the data set was corrected by detecting
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