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Crystal structure of dehydrated ulexite, NaCaB5O6(OH)6·3H2O
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ABSTRACT

Ulexite, a key borate mineral exploited in various industrial applications, undergoes thermal trans-
formations. Here, we report the determination of the crystal structure of dehydrated ulexite, NaCaB5O6

(OH)6·3H2O, for the first time, using the single-crystal X-ray diffraction technique. Thermal analysis
and synchrotron powder diffraction reveal that ulexite, NaCaB5O6(OH)6·5H2O, loses two H2O mole-
cules at 100 °C, causing the formation of a stable three-hydrated phase that retains the fundamental
building block (FBB) observed in ulexite. The dehydrated ulexite is triclinic with space group
P1̄ and lattice parameters a = 8.686(4) Å, b = 10.973(5) Å, c = 6.709(3) Å, α = 105.463(5)°,
β = 107.518(5)°, γ = 79.833(5)°, and V = 584.5(5) Å3. A distinctive rearrangement of the Na coordina-
tion environment from the original six- to seven-coordinated geometry is observed, whereas the
Ca atom retains an eight-coordinated geometry. The Na-O and Ca-O bond distances range from
2.340 to 2.852 Å and 2.379 to 2.646 Å, respectively. These polyhedra form edge-sharing chains that
interconnect in two-dimensional sheets on the b-c plane. The FBB of the dehydrated ulexite comprises
double three-membered rings consisting of a central BO4 tetrahedron, a BO2(OH)2 tetrahedron, and
BO2(OH) triangle sharing corners, described as 2Δ3□: <Δ2□>–<Δ2□>. The average B-O bond dis-
tances of two Bφ3 triangles (φ: O or OH) are 1.363 and 1.368 Å, whereas those of three Bφ4 tetrahedra
are 1.475, 1.477, and 1.474 Å. The dehydrated ulexite is stable up to 160 °C. Our findings not only
resolve longstanding ambiguities regarding the nature of the so-called one-hydrated phase but also
suggest the possibility that dehydrated ulexite naturally emerges as a stable hydrated borate mineral.
New insights into the thermal behaviors and dehydration mechanisms of hydrated borate minerals have
implications for both natural mineralization processes and industrial applications.
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INTRODUCTION

Naturally occurring borate minerals are a major source
of boron and are used in various industrial sectors, including
those producing glass, ceramics, semiconductors, abrasives,
insulation, detergents, and insecticides (U.S. Geological
Survey 2023). Colemanite, CaB3O4(OH)3·H2O; ulexite,
NaCaB5O6(OH)6·5H2O; kernite, Na2B4O6(OH)2·3H2O; borax,
Na2B4O5(OH)4·8H2O; and tincalconite, Na2B4O5(OH)4·3H2O
are the most common commercial sources of borate (Helvaci
and Palmer 2017). Large volumes of water are released from
the structures of borate minerals during heat processing; there-
fore, the study of their dehydration and dehydroxylation pro-
cesses from structural and thermodynamic perspectives is
extremely important. To date, the dehydration and dehydroxyla-
tion processes of colemanite and borax have been extensively
investigated (Waclawska et al. 1988; Waclawska 1995;
Ekmekyapar et al. 1997; Yildiz 2004; Frost et al. 2016; Uysal
et al. 2016; Kizilca and Copur 2017; Lotti et al. 2019; Dumanli
et al. 2022; Nishiyasu and Kyono 2023, 2024).

Ulexite primarily occurs in salt playas, dry saline lakes, and
sedimentary borate deposits (Gaines et al. 1997), typically in
rounded masses of fine, transparent fibrous crystals (cotton

balls). Occasionally, ulexite forms a dense aggregate with
fibrous crystals arranged in parallel. The most familiar charac-
teristic of ulexite is its natural optical-fiber property; as a result,
it is commonly referred to as “TV rock” (Anthony et al. 2003).
The crystal structure of ulexite comprises six-coordinated octa-
hedral polyhedra of Na atoms and eight-coordinated hexagonal
bipyramidal polyhedra of Ca atoms (Ghose et al. 1978). The Na
coordination polyhedra share edges with each other to form indi-
vidual infinite chains running parallel to the c-axis. Similarly,
the Ca coordination polyhedra are linked by edge-sharing to
form infinite chains parallel to the c-axis. This structural charac-
teristic is responsible for the optical-fiber properties (crystal
fiber axis) of ulexite. The structure contains a fundamental build-
ing block (FBB) comprising a planar Bφ3 triangle and a Bφ4

tetrahedron (φ: O or OH). Indeed, according to the FBB descrip-
tor (Burns et al. 1995), the FBB of ulexite can be described as
2Δ3□: <Δ2□>–<Δ2□>, where Δ and □ denote a planar Bφ3
triangle and a Bφ4 tetrahedron, respectively, and the notation
2Δ3□ indicates that the FBB comprises two Bφ3 triangles and
three Bφ4 tetrahedra. Furthermore, the <Δ2□> term represents
a three-membered ring comprising one Bφ3 triangle and two
Bφ4 tetrahedra: a BO2(OH) triangle, a BO2(OH)2 tetrahedron,
and a BO4 tetrahedron (Ghose et al. 1978). The notation
<Δ2□>–<Δ2□> implies that two <Δ2□> rings are intercon-
nected via a common BO4 tetrahedron.
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