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Crystal structure of hexagonal trinepheline—A new synthetic NaAlSiO4 modification
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ABSTRACT

The crystal structure of a synthetic NaAlSiO4 modification has been solved and refined
to an R index of 0.020 for 2745 independent reflections. The compound is hexagonal with
space group symmetry P61, a 5 9.995(2) Å and c 5 24.797(4) Å. The crystal showed
twinning by merohedry according to m210, which was accounted for in the calculations.
The phase was named trinepheline, following prior studies, because the length of its c
lattice parameter is three times the length of the c parameter in nepheline, whereas the a
parameter is about 10 Å in both phases. The crystal structure is characterized by layers of
six-membered tetrahedral rings of exclusively oval conformation. The rings are built up
by regularly alternating AlO4 and SiO4 tetrahedra. The stacking of the layers parallel to
the c axis results in a three-dimensional network containing channels that are occupied by
the Na cations. Although structural similarities with respect to tridymite derivatives can
be found, hexagonal trinepheline represents a new type of stuffed tridymite that is not a
simple superstructure of nepheline.

INTRODUCTION

Synthetic Na-rich nephelines have been investigated
for petrological reasons as well as their interesting
properties as solid state ionic conductors (Dollase and
Thomas 1978; Gregorkiewitz 1984; Roth 1985); Hip-
pler and Böhm 1989). The composition of these com-
pounds can be represented by the formula Na82r

Al82rSi81rO32 with 0 # r # 2. The basic structure is the
same as was reported by Hahn and Bueger (1955) in
the space group P63 for a natural nepheline sample with
idealized composition Na6K2Al8Si8O32 and can there-
fore be considered as a stuffed derivative of the SiO2

modification of high-tridymite. A slight difference be-
tween the natural nephelines and the synthetic pure Na-
rich samples results from the substitution of Na cations
at the positions of the significantly bigger K ions. The
Na ions are too small to occupy the central site of the
ditrigonal channels with a diameter of about 4.8 Å and
are therefore displaced toward the walls of the chan-
nels. The shift for the resulting three split positions is
about 0.35 Å away from the 63-axis (Hippler and Böhm
1989).

Pure NaAlSiO4 shows complex displacive polymor-
phic transitions depending on the method of synthesis
(Henderson and Roux 1977; Henderson and Thompson
1980). At room temperature two different structures ex-
ist: an orthorhombic superstructure with a ø a0, b ø a0

Ï3, and c ø 3c0, where a0 and c0 refer to the normal
nepheline unit cell and a second phase with even lower
symmetry. Henderson and Roux (1977) showed that
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both room-temperature phases transformed to hexago-
nal symmetry at about 160 and 200 8C, respectively. A
discontinuity in the thermal expansion near 870 8C has
been attributed by these authors to a transformation
into a high-tridymite structure. At temperatures above
1300 8C, NaAlSiO4 transforms to a carnegieite phase
(Schneider et al. 1994).

The orthorhombic phase mentioned above seems to
be identical with a hydrothermally synthesized material
of composition NaAlSiO4 discussed by Klaska (1974).
The space group of the crystals was Pna21. Although
the structure was not refined successfully and no atom-
ic coordinates were given, a structural model for this
so-called orthorhombic trinepheline was sketched,
wherein all tetrahedral rings have an oval form. A sec-
ond NaAlSiO4 phase with a beryllonite-type structure
was also mentioned (Klaska 1974). Crystals of the pure
Na end-member showing hexagonal symmetry in com-
bination with a tripling of the c axis were reported by
Jarchow et al. (1966) and Jarchow (1974, unpublished
data). Brown et al. (1972) reported the existence of a
modification with a hexagonal cell with a 5 b ø a0 Ï3,
c 5 3 c0. Two monoclinic NaAlSiO4 compounds were
prepared by Selker et al. (1985). Table 1 summarizes
the structural data for the different NaAlSiO4-phases
and for a sodium deficient Na nepheline from the
literature.

The aim of the present paper is to determine whether
hexagonal trinepheline can be classified as a super-
structure of nepheline, with the tripling of the c lattice
constant due to minor modifications of the basic neph-
eline structure. An ordered distribution of the Na-cat-


