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Scandinavia has in many ways been the birthplace of
modern crystallography and material science. The pioneers of
these sciences did their work on natural occurring minerals more
than 350 years ago, and two of these were the Danes (Nils
Stensen or Nicholous Steno and Rasmus Bartholin or Erasmus).
Steno studied quartz and found that the angles between
corresponding faces were consistent between different quartz
crystals although the actual faces varied [1]. This was the first
basis for crystallography and is now known as Steno’s Law. The
same year Bartholin published his observations of birefringence
in exceptionally clear calcite from Iceland known as ‘Iceland
Spar’ [2]. The diverse geology of the Scandinavian countries
results in numerous exceptional mineral occurrences containing
minerals with unique structures. Furthermore, natural minerals
are rarely pure compounds, i.e. they can contribute to the
understanding of structural compensation through increasing
trace element (dopant) level. The first polyoxometalate (a
molybdate) was described by the Swedish chemist Jons J.
Berzelius in 1826 [3]. Despite a large number of
polyoxometalates not much work has been carried out on
polyoxoniobates [4]. Only two natural polyoxoniobates have
been found and both are heteropolyniobate, namely menezesite
(BazMmegBaNb]zOu)* 12H20) [5] and  aspedamite
([ zFez Fe )Nb4(ThNb9F€2 TIO42)(OH)3*9H20)[6] the
latter is described from Norway. Here the first natural
hexaniobate will be presented, which was also found in Norway.
The mmeral contains two Nb-sites forming the well-known
[NbO1o]* Lindqvist ion [7]. Four Nb1 octahedra are each edge
sharing with two other Nb1 octahedra in the same plane forming
a quadrate. Above and below the centre of the quadrate two Nb2
octahedra are edge sharing with all four Nb1 octahedra forming
a super octahedron. The Lindqvist ions are interconnected by
corner and edge sharing with Mn2+ octahedra forming a three
dimensional structure. Two Mn1-octahedra are edge sharing on
one Lindqvist ion in a trans-configuration. Each of these sites is
connected to two different Lindquist ions through bridging
oxygens. The Mn2 octahedra are attached to the terminal oxygen
of the Nb2 octahedron. The ideal formula of the mineral is
MnyNbO;9*14H,0. One of the waters is found as crystal water
in channels, the rest are attached to the terminal oxygens of the
Mn octahedra. The second part of the paper deals with the
structural affect of incorporating foreign elements, especially
Rare Earth Elements (REE), into natural minerals, and how this
knowledge can be transferred to synthetic compounds. This
would be applied to luminescent minerals and compounds. The
main phases discussed will be fluorapatites, zeolites and related
structures.

[1]  Steno, N. (1669).

[2]  Bartholin, E. (1669).

[3] Berzelius, J. J. (1826). Ann Phys-Leipzig. 82, 369-392.

[4] Nyman, M. (2011). Dalton Trans. 40, 8049-8058.

[5] Atencio D., Coutinho, J. M. V., Doriguetto, A. C,
Mascarenhas, Y. P., Ellena, J. & Ferrari, V. C. (2008). Am
Mineral. 93, 81-87.

[6] Cooper, M. A., Ball, N. A., Abdu, Y., Hawthorne, F. C.,
Cerny, P. & Kristiansen, R. (2011) Mineral Mag. 75,
2887-2893.

[7] L Lindqvist (1953). Arkiv for Kemi. 5, 247-250.

Keywords: polyoxoniobates; REE; luminescence

Crystallography of shadows: local disorder in
intermetallic compounds. Yuri Grin,* Yurii Prots,* Horst

Borrmann, * “Max-Planck-Institut fiir Chemische Physik
fester Stoffe, Dresden, Germany

E-mail: grin@cpfs.mpg.de

The development of the knowledge on intermetallic
compounds, the understanding of their chemical nature is still
not complete. The coordination of atoms in their crystal
structures is difficult to describe by means of traditional MO
pictures as well as by means of the free-electron-gas model. On
the other hand, the chemical and physical behaviour of this
group of materials may be understood only taking in account the
real atomic arrangements in the crystal structures.

Recent investigations of the crystal structures of the
intermetallic compounds applying the advanced diffraction
techniques reveal often new structural features which are
hardly detectable by standard experiments. In particular, by
careful analysis of the residual electron density different
kinds of structural disorder were observed appearing in
relatively small amounts [1]. Additional experimental proof'is
obtained by NMR [2] experiments and TEM studies [3,4].

In general this phenomenon appears as a presence of two
different structural motifs — majority and minority one —
existing within one single crystal. Such structural behaviors
were observed in different groups of intermetallic compounds
of rare-earth metals with main-group elements and transition
metals, e.g. a- and p-modifications of TmAIB, [1,3,4] and
rare-carth gallides Eu; Gag,s,, Eu; Gay,s, [S], St Gayysy
and Ca,_,Ga,,3, [6.7], YbGa, 43 [8] and Sr; Gag,;, with x =
0.15 [9]. The minority motif is either a tiling variant of the
majority one or completely chemically different from the
majority one. Requirements of chemical bonding may cause
appearance of such atomic disorder and lead to unusual
features in physical behavior.
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