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abstraCt

The crystal structure of braitschite, Ca6.15Na0.85RE2.08[B6O7(OH)3(O,OH)3]4(H2O), is reported here 
in space group P6/m with unit-cell parameters a = 12.1506(6), c = 7.3678(4) Å, and V = 942.03(8) 
Å3. Data were collected from a single crystal using a MoKα source and a CCD detector, solved by 
direct methods, and refined to an R factor of 2.81%. The mineral structure consists of hexaborate 
fundamental building blocks that polymerize along [001] and are bound by Ca2+ and REE3+ counter-
ions. The framework forms hexagonal channels, which are occupied alternately by Ca2+ cations and 
water molecules. In an investigation of its thermal stability, braitschite maintains its crystallinity to a 
temperature of 400 °C, after which it undergoes decomposition. Using Rietveld refinements against 
powder X-ray diffraction data, we were able to track the loss of water molecules in channels and 
hydroxyl groups in the covalent B-O network with increasing temperature.
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introduCtion

The crystal chemistry of borate minerals is defined by covalent 
boron-oxygen bonds, which result in either trigonal or tetrahedral 
building units that may polymerize to form extended covalent 
networks (Hawthorne et al. 2002). In addition to building unit 
variation that results from cluster formation and polymerization 
in 1, 2, or 3 dimensions, these minerals vary by their level of 
hydration and the identity of charge-balancing metal cations. 
Among these cations, rare earth elements (REE) are known to 
occur in borates and are frequently accompanied by other metal 
ions of similar size, including Ca2+ (Jones et al. 1996).

The physical properties and chemical composition of braitsch-
ite, a calcium rare earth borate, were first described in 1968 
(Raup et al. 1968). Limited crystallographic data were obtained 
at the time that allowed determination of the crystal system but 
no structure solution. Herein, we present the crystal structure 
of braitschite as solved and refined from single-crystal X-ray 
diffraction data. This structure solution has a unit cell with di-
mensions that closely resemble the cell proposed in the original 
research [proposed: a = 12.265(1), c = 7.377(5), V = 944.02(13) 
Å3; this study: a = 12.1506(6), c = 7.3678(4), V = 942.03(8) Å3]. 
Moreover, the formula from our structure determination corre-
sponds closely with the chemical analysis performed on samples 
from the type locality and corrects a problem in the originally 
proposed formula that precluded crystallization in a hexagonal 
cell {proposed: (Ca,Na2)7RE2(B22O43)(H2O)7; this research: Ca6.15 

Na0.85RE2.08[B6O7(OH)3(O,OH)3]4(H2O)}. We additionally report 
the thermal stability of braitschite, including its hydration level 
as a function of temperature.

experimental methods
A single crystal of braitschite was obtained from the Gem and Mineral Col-

lection of the Smithsonian Institution’s National Museum of Natural History. The 

braitschite was from the samples collected at the Cane Creek mine near Moab, 
Utah, described by Raup et al. (1968). The braitschite occurs as fine-grained nod-
ules in anhydrite. Individual crystals are hexagonal plates that in scanning electron 
microscope images range from ~0.1 to 75 micrometers in diameter. The crystal 
used for this study was isolated by sieving some of the powdery sample and then 
searching through the larger size fraction. 

The crystal was mounted on a glass fiber, and single-crystal X-ray diffraction 
data were collected on a Bruker APEXII instrument with a MoKα source. The 
instrument was equipped with a CCD detector, and the collection took place at 
room temperature using 0.5° ϕ and ω scans. The data were integrated using the 
APEXII software suite (Bruker 2008a). An empirical absorption correction was 
applied using SADABS (Sheldrick 2008b), and a ψ correction was applied in 
XPREP taking into account the crystal habit (Bruker 2008b). 

No systematic absences were observed in the data, and structure solution and 
refinement were pursued using SHELX-97 (Sheldrick 2008a) in space groups sug-
gested by statistics. Among these, P3 in particular was pursued, as it had the best 
figure of merit. Subsequent to refinement in this space group, Platon was used to 
assess for additional symmetry (Spek 2003). An alternative symmetry setting was 
identified, and the space group was consequently changed to P6/m, which yielded 
an excellent refinement. No additional symmetry was found in this model. Crystal-
lographic and structure-refinement data are summarized in Table 1. 

Powder X-ray diffraction was used to complement the single-crystal diffraction 
data and was performed in conjunction with heating experiments to study the hydra-
tion level and thermal stability of braitschite. Powder samples of braitschite (<325 
mesh) were loaded into 0.7 mm quartz glass capillaries, and powder X-ray diffrac-
tion patterns were collected with a Rigaku D/max Rapid microdiffractometer with 
an imaging plate detector using MoKα radiation and 5 min exposures. The sample 
was rotated during data collection, and the full diffraction rings were integrated by 
the vendor-supplied program “AreaMax” to produce the final diffraction data used 
for the Rietveld refinements. Diffraction data were collected at room temperature 
and for braitschite samples that had been heated successively in air to 110, 300, 
400, 500, 600, and 700 °C and then cooled to near room temperature. 

Rietveld refinements of the braitschite structures were performed using the 
EXPGUI interface (Toby 2001) of the General Structure Analysis System (GSAS) 
(Larson and von Dreele 1994). The initial braitschite structure parameters were 
those determined by the single-crystal study described above. The background 
intensities for the X-ray diffraction patterns were fit using up to 15 terms of a 
shifted Chebyschev function. The peak profiles were modeled by a pseudo-Voigt 
profile function (Thompson et al. 1987) with asymmetry corrections (Finger et 
al. 1994) and microstrain anisotropic broadening terms (Stephens 1999). During 
initial cycles of refinement only the background, scale, peak profile, and unit-cell 
parameters were allowed to vary. Then the occupancy factors for certain oxygen 
atoms were refined, followed by all of the atom positions.* E-mail: postj@si.edu


