
American Mineralogist, Volume 93, pages 1072–1079, 2008

0003-004X/08/0007–1072$05.00/DOI: 10.2138/am.2008.2702     1072

On the existence of a Na-deficient monoclinic trinepheline with composition 
Na7.85Al7.85Si8.15O32

Predrag Vulić,* Volker kahlenberg, and Jürgen konzett

Institute for Mineralogy and Petrography, University of Innsbruck, Innrain 52, A-6020 Innsbruck, Austria

abstract

The crystal structure of a new synthetic Na8–rAl8–rSi8+rO32 (r = 0.15) modification has been solved 
by direct methods and refined to an R index of 0.0289 for 11 643 independent reflections and 764 
parameters. The compound is monoclinic with space group symmetry P1121, a = 9.9897(6) Å, b = 
9.9622(6) Å, c = 24.979(2) Å, and γ = 119.788(4)°. The twinning of three individuals related by rotation 
around the c direction for 120° was accounted for in the calculation. The phase was named monoclinic 
trinepheline because the length of its c lattice parameter is 3× the length of the c parameter in nepheline, 
whereas the a parameter is almost the same in both structures, similarly to a previously investigated 
trinepheline of hexagonal symmetry. Actually, the present compound represents an intermediate state 
between these two phases. The characteristic of the crystal structure are layers of six-membered rings 
built up of regularly alternating AlO4 and SiO4 tetrahedra. The layers are perpendicular to [001] and are 
connected through apical O atoms. The resulting spatial network contains channels in which the Na 
cations are situated. The structure of monoclinic trinepheline can be described as a consecutive stacking 
of basic nepheline like modules (containing two tetrahedral sheets) and one sheet corresponding to 
those observed in the hexagonal trinepheline structure. The topology of the new compound corresponds 
to that of tridymite. The coordination sequences are identical for all T atoms in the asymmetric unit: 
4-12-25-44-67-96-130-170-214-264. The vertex symbols for the tetrahedral centers are 62·62·62·62·62·62. 
The framework density of the structure is equal to 22.2 T atoms/1000 Å3. 
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introduction

The crystal structure of natural nepheline of idealized compo-
sition Na6K2Al8Si8O32 was reported by Hahn and Buerger (1955) 
in space group P63. It can be described as a stuffed derivative 
of high-tridymite where half of the silicon ions are replaced by 
aluminum. Charge compensation is achieved by incorporation of 
alkali cations in the cavities of the structure—75% of the cavities 
are populated by smaller Na and the remaining 25% by larger 
potassium cations. No pure Na nephelines are observed in the 
nature. Synthetically obtained Na-rich nephelines with the same 
basic structure have been studied by several authors (Dollase 
and Thomas 1978; Gregorkiewitz 1984; Roth 1985; Hippler and 
Böhm 1989; Dimitrijević et al. 2004). The investigations were 
mainly conducted because of nepheline’s property to show Na- 
solid state ionic conductivity. The structural difference between 
natural samples and synthetic Na nephelines is based on the fact 
that excess Na in samples containing more than 6 Na apfu (see 
above) must be accommodated on the large alkali site. Sodium 
substitution involves either collapse of the hexagonal channels, 
or an off-centering of Na toward the channel wall (about 0.35 Å). 
This is due to the fact that ions smaller than potassium cannot 
establish a regular coordination with the surrounding O atoms, 
but form bond distances of noticeable different lengths. 

According to Henderson and Roux (1977) and Henderson 
and Thompson (1980) pure NaAlSiO4 shows complex displacive 
polymorphic transitions, depending on the method of synthesis. 
Two different structures can exist at ambient conditions: an 
orthorhombic superstructure with a ≈ a0, b ≈ a0√3, and c ≈ 3c0, 
(a0 and c0 refer to the normal nepheline unit cell) and a second 
phase with even lower symmetry. The room-temperature phases 
transform to hexagonal symmetry at about 160 and 200 °C, 
respectively (Henderson and Roux 1977). The authors also 
mention a discontinuity in the thermal expansion near 870 °C 
and attribute it to a transformation into a high-tridymite-like 
structure. Dimitrijević et al. (2004) established the presence 
of a low-carnegieite phase below 850 °C, although nephelines 
in this work were synthesized by a different method based on 
thermal treatment of zeolitic material (LTA, FAU, and GIS types). 
Schneider et al. (1994) reported that single crystals of nepheline 
(NaAlSiO4) are stable up to 1300 °C, when they transform to 
carnegieite.

The orthorhombic structure of Henderson and Roux may 
be similar to a hydrothermally synthesized phase reported by 
Klaska (1974). Orthorhombic nepheline crystallizes in space 
group Pna21, and, according to Klaska, the structure is composed 
exclusively of tetrahedral rings of elliptical form, although no 
atomic coordinates were given. The structure of hexagonal 
trinepheline (Kahlenberg and Böhm 1998) is also built up of el-
liptical rings only. NaAlSiO4 forms showing hexagonal symmetry * E-mail: Predrag.Vulic@uibk.ac.at


