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On the nature of tincalconite
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ABSTRACT
An examination of synthetic crystalline material by single crystal X-ray diffractometry reveals a
unit-cell dimension that was previously ascribed to tincalconite. However, the best fit to the reflection data obtained at 291(2) K is obtained with composition Na6[B4O5(OH)4)]3◊8H2O. This formula is
different from the Na2[B4O5(OH)4)]◊3H2O previously assigned to tincalconite from an earlier crystallographic study. Additionally, our model fits best with non-crystallographic measurements and
agrees with the analysis from a more recent low temperature crystallographic analysis. Tincalconite
is best formulated as Na6[B4O5(OH)4)]3◊8H2O. It is trigonal, R32, a = 11.1402 (11), c = 21.207 (3) Å,
Z = 3, R = 0.020 for 512 Fo > 4s (Fo) and 0.021 for all 529 data at 291(2) K.

INTRODUCTION
Giacovazzo et al. (1973) reported a formula of Na 2
[B4O5(OH)4]◊3H2O for tincalconite. The assignment was supported by complementary studies (Christ and Clark 1957; Christ
and Garrels 1959; Petch et al. 1962; Cuthbert and Petch 1963a,
1963b) and in fact, the assignment corrected a crystal structure
reported by Invers (1948). More recently, there was another
crystallographic study at 108(2) K, which established that
tincalconite was best formulated as Na2[B4O5(OH)4)]◊2.667H2O
(Powell et al. 1991). However, this composition has not been
widely accepted by the scientific community (Attinà et al. 1992;
Burns 1995; Kocakuşak et al. 1996; Anovitz and Grew 1996;
Anovitz and Hemingway 1996; and Touboul et al. 1999).
We obtained crystals of tincalconite in a reaction designed
to probe the existence of extended H-to-H atom intermolecular interactions. This consisted of reacting sodium borohydride
in water and tetraheptylammonium iodide in acetone. Unfortunately, the borohydride anion, under these conditions, decomposed (presumably forming the borate anion) and, from this
mixture, a crystalline material identified as tincalconite was
obtained. We report here a room-temperature single-crystal determination, which agrees with the latest formulation (Powell
et al. 1991) and also displays an interesting feature regarding
the nature of the disorder that led to the incorrect formulation
of Giacovazzo et al. (1973).

EXPERIMENTAL METHODS
Crystals were grown in a glass tube containing NaBH4 in
H2O on the bottom layered with a solution of [(CH3(C6H12)]4◊NI
in acetone on the top. A suitable crystal was chosen and trimmed
using a sharp scalpel. This crystal was rolled in epoxy resin,
fixed on top of a glass fiber, and then placed on the diffractometer.
* Present address: Department of Chemistry, Michigan Technological University, 1400 Townsend Drive, Houghton, MI
49931, U.S.A. E-mail: rluck@mtu.edu
0003-004X/02/0203–350$05.00

350

The data collection and reduction were accomplished using the
procedures described in Luck and Mendenhall (2000). The
windows program WinGX was used as the interface for the
solution and refinement of the models (Farrugia 1999). The
data were first reduced and corrected for absorption using psiscans (North et al. 1968) and a model derived using the program SIR97 (Altomare et al. 1999). The structure was refined
with SHELXL97 (Sheldrick 1997). The refinement was not
straightforward. One of the O atoms (O12) on a general position was described with very large thermal parameters after
initial refinement. The refinement was repeated with 50% occupancy of O12 (which would result in the Na2[B4O5(OH)4)]◊
3H2O formulation) but the thermal parameters were still unacceptably large. It was only at occupancies of one-third that this
atom refined with acceptable thermal parameters. The H atoms on the borate entity and non-disordered O atom ascribed
to a water molecule were located in difference maps and were
included in the refinement. The H atoms associated with the
disordered O atom were located in difference maps but were
refined in fixed positions riding on the disordered O atom site
with thermal parameters constrained to be 1.5 times the isotropic equivalent of the O12 atom. The final model, which refined to convergence, consisted of all non-H atoms described
with anisotropic thermal parameters. This produced the final
figures of merit listed in Table 1. A listing of positional parameters and selected angles and distances are presented in Tables
2 and 3, respectively.
As a final check refinements were done with full, one-half,
and one-third occupancy of O12. In addition to producing the
most reasonable thermal parameters for O12 the lowest figures of merit were obtained when atom O12 was described at
one-third occupancy. It should be noted that a free refinement
of the occupancy of O12, with all other atoms included and
refined as described above, resulted in a value of 0.337(5), in
contrast to the 0.334(5) obtained previously by Powell et al.
(1991).

