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Abstract
Hydroxyl-bästnasite-(Ce), ideally CeCO3(OH), had been regarded isostructural with bästnasite-(Ce),
CeCO3F, the dominant member of the bästnasite family that produces ~70% of the world’s supply of
rare-earth elements. Using single-crystal X-ray diffraction and Raman spectroscopy, our structural
analysis on hydroxyl-bästnasite-(Ce) shows that the previous assumption is incorrect. The crystal structure of hydroxyl-bästnasite-(Ce) possesses P6 symmetry with unit-cell parameters a = 12.4112(2), c =
9.8511(3) Å, and V = 1314.2(1) Å3, in contrast to the space group P62c and a ≈ 7.10, c ≈ 9.76 Å, and
V ≈ 430 Å3 for bästnasite-(Ce). Moreover, there are 6, 3, and 5 symmetrically-distinct CO3 groups, Ce
cations, and (OH/F) ions, respectively, in hydroxyl-bästnasite-(Ce), but 1, 1, and 2 in bästnasite-(Ce).
The two structures, nevertheless, are similarly characterized by the layers of CO3 groups alternating
with the Ce-(OH/F) layers along the c direction. The Raman spectrum of hydroxyl-bästnasite-(Ce)
is dominated by three strong bands at 1080, 1087, and 1098 cm–1 in the CO3 symmetrical stretching
region, along with at least four bands in the OH stretching region. Our study further suggests that
natural hydroxyl-bästnasite-(Nd) is most likely isotypic with hydroxyl-bästnasite-(Ce), rather than
with bästnasite-(Ce), as previously proposed.
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Introduction
Recent developments in high-technology industries, such
as laser materials, high-power magnetic materials, and ionic
conductors, have generated a tremendous demand for rare earth
elements (REE) (Bünzli et al. 2007 and references therein).
Among all REE-bearing mineral resources in the world, bästnasite, (REE)CO3F, is the most abundant, and about 70% of REE
products come from bästnasite production (Chi et al. 2004). The
crystal structure of bästnasite-(Ce) was first proposed by Oftedal
(1931) and confirmed by Donnay and Donnay (1953) on the basis
of X-ray photographic data. More detailed structure analyses on
this mineral, however, were not conducted until the 1990s (Ni
et al. 1993; Terada et al. 1993; Mi et al. 1996). The structure
of bästnasite-(Ce), hexagonal with space group P62c, consists
of (001) layers of CO3 groups sandwiched by Ce-F sheets.
Notably, many REE-bearing fluorcarbonate minerals, such as
parisite CaCe2(CO3)3F2, röntgenite-(Ce) Ca2Ce3(CO3)5F3, and
synchysite-(Ce) CaCe(CO3)2F, contain the bästnasite structure
as a basic building module (Ni et al. 1993, 2000).
Hydroxyl-bästnasite-(Ce), ideally CeCO3(OH), was first described as a new variety and the OH-analog of bästnasite-(Ce) by
Kirillov (1964) and later by Minakawa et al. (1992). Maksimović
and Pantó (1985) reported hydroxyl-bästnasite-(Nd). Based on
the strong similarities in powder X-ray diffraction patterns and
crystal chemistry, all previous studies assumed that hydroxylbästnasite and bästnasite were isotypic. In this paper, we report
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the first structural investigation of hydroxyl-bästnasite-(Ce)
using single-crystal X-ray diffraction and Raman spectroscopy
and demonstrate that this mineral is not isomorphous with
bästnasite-(Ce).

Experimental methods
The hydroxyl-bästnasite-(Ce) specimen used in this study is from Trimouns,
Luzenac, France and is in the collection of the RRUFF project (deposition no.
R060283; http://rruff.info), donated by Herb Obodda. The chemical composition
was determined with a CAMECA SX50 electron microprobe (http://rruff.info). The
OH content was estimated based on the charge balance and the CO3 content was
calculated from the difference off 100 wt%. The average composition (12 point
analyses), normalized to CO3 = 1.0, yielded a formula of (Ce0.50Nd0.24La0.23Y0.03)Σ=1
CO3[(OH)0.65F0.35]Σ=1.
Based on optical examination and X-ray diffraction peak profiles, a nearly
equidimensional crystal was selected and mounted on a Bruker X8 APEX2 CCD
X-ray diffractometer equipped with graphite-monochromatized MoKα radiation.
X-ray diffraction data were collected with frame widths of 0.5° in ω and 30 s
counting time per frame. All reflections were indexed on the basis of a hexagonal
unit-cell (Table 1). The intensity data were corrected for X-ray absorption using
the Bruker program SADABS. The lack of systematic absences of reflections is
consistent with the space group P6, P6, or P6/m. The crystal structure was solved
and refined with space group P6 using the direct methods (SHELX97) (Sheldrick
1997), because only this space group gave the reasonable refinement statistics
(bond lengths and angles, atomic displacement parameters, and R factors). In the
structure refinement, the REE sites were assumed to be fully occupied by Ce, as
the average atomic number of (Ce0.50Nd0.24La0.23Y0.03) is close to that of Ce. The
chemical analysis showed the presence of F– substituting for OH–, but the final
refinement assumed that all OH sites were occupied by O only. The positions of all
atoms were refined with anisotropic displacement parameters, except for H atoms,
which were not located by the difference Fourier syntheses. Final coordinates
and displacement parameters of non-H atoms are listed in Table 2, and selected
bond-distances in Table 3.
Raman spectra of the sample were collected from a randomly oriented crystal

