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A New ªOldº Sodium Boride: Linked
Pentagonal Bipyramids and Octahedra in
Na3B20**
Barbara Albert*

Few alkali metal borides can be considered to be well
defined with regard to their composition and crystal structure.
The reasons for this stem from difficulties in the synthesis and
analysis of these compounds. First, it is difficult to carry out a
reaction of the low-melting alkali metals with boron; second,
the products often form microcrystalline powders instead of
single crystals. The existence, composition, and structure of
just one lithium ± boron compound can be considered con-
firmed: Li3B14.[1] Two sodium borides have also been de-
scribed, which will be discussed here, as well as potassium
hexaboride, KB6.[2]

Since boron-rich metal borides have interesting chemical,
mechanical, and electronic properties, the lack of well-defined
binary compounds in the system alkali metal/boron is
unfortunate. Furthermore, the chemical bonding in these
compounds is not fully understood. Additional motivation for
these studies was the interesting structural chemistry of
metal ± boron compounds, which in its variety reflects the
richness of the chemistry of boron-containing molecules.

Earlier, products of the reaction of sodium with boron were
described as ªNaB6º[3] and NaB15.[4] While the structure of
NaB15 was determined from single-crystal data, the character-
ization of ªNaB6º remained unsatisfactory. Hagenmüller and
Naslain prepared powders, the analysis of which indicated an
approximate Na:B ratio of 1 to 6 ± 7. The experimentally
determined density was 2.11 g cmÿ3. The powder diffraction
pattern could not be indexed and differed from those of all
other hexaborides, which crystallize without exception in the
cubic CaB6 structural type.[5]

We have now reproduced the synthesis of ªNaB6º from
elemental sodium and boron. After removing the excess of
sodium by distillation, we obtained bluish black powders[6]

whose diffraction patterns were very similar to the one
reported in the literature.[7] The product is air-sensitive and
pyrophoric, which is not due to the presence of finely divided
elemental sodium. This was proved by dispersing the sample
in liquid ammonia, which did not turn blue.

The reflections of a high-resolution powder diffraction
pattern[8] of the micro-crystalline product could be indexed in
the monoclinic crystal system under the assumption that the
unit cell is roughly three times larger than that of cubic
CaB6.[9] Relying on a relationship between the structures of
ªNaB6º and CaB6, we fixed the position of one Na atom

analogous to that of the Ca atom in CaB6 (Wyckhoff symbol
1a). The positions of all other atoms (first Na, then B) were
localized by analyzing difference Fourier maps. It became
clear that the structure, which was solved in the monoclinic
space group P2/m, contains two additional mirror planes
(perpendicular to [201] and [001] through the origin of the
monoclinic unit cell). Therefore, a description in the ortho-
rhombic system with an unit cell of twice the volume of a
monoclinic cell is required.[10] The positions and thermal
displacement parameters of the atoms were thus refined in the
space group Cmmm (Figure 1).[11, 12]

Figure 1. Observed (�) and calculated (solid line) powder diffraction
pattern (corrected for the background) with the difference curve (bottom).
The vertical dashes indicate the positions of reflections. I� intensity.

In the determination of the structure, two surprising
discoveries were made. First, instead of the expected 18
boron atoms per monoclinic unit cell, 20 were localized.
Therefore, the investigated compound is not NaB6 (Na3B18)
but Na3B20. Second, the occurrence of a pentagonal bipyramid
consisting of seven boron atoms as a structural unit was
proven for the first time by X-ray structure analysis. The
boron framework in Na3B20 thus is not composed entirely of
linked octahedra, as in the hexaborides.[5] Figure 2[13] shows
the arrangement of the polyhedra in a projection of the
structure on the ab plane. A section of the structure of Na3B20

(Figure 3) illustrates the position and the coordination of the
sodium atoms in the cages of boron atoms.[14]

The mean boron ± boron distances of 176 and 180 pm within
the polyhedra and 171 pm between polyhedra are comparable
to those in other boron compounds (e.g., Li3B14

[1]). It is typical
of boron-rich compounds that distances between atoms in the
polyhedra are larger than those between them.

The compound first synthesized by Hagenmüller and
Naslain in 1972 and known since as NaB6 has been identified
as a new sodium boride of composition Na3B20 with an
unusual crystal structure. The pentagonal bipyramid, which
was previously detected in a few boron compounds by
spectroscopic techniques, can now be regarded as a new
structural unit in the domain of boron-rich compounds. The
further characterization and analysis of the properties of this
boride are currently under investigation.[15]
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Figure 2. Projection of the structure of Na3B20 on the ab plane (Na: light
gray, B: dark gray, rectangle: unit cell).

Figure 3. Section of the structure of Na3B20 in the direction [001] (Na: light
gray, B: dark gray). All boron atoms whose distance to a sodium atom is
less than 340 pm are shown.

Experimental Section

Sodium (Merck, Darmstadt, p.a.) was refined by segregation and treated
with boron (Chempur, Karlsruhe, 99.9�%) in a molar ratio of 1:1 at
1050 8C for 3 h in crucibles made of pyrolytic boron nitride, which were
sealed in iron crucibles under helium by arc welding. The excess of sodium
was removed by distillation at 10ÿ2 mbar and 350 8C. The starting materials
and products were handled under argon.
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