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INTRODUCTION

The structure of tetragonal tugtupite (space group I4–), 
ideally Na8[Al2Be2Si8O24]Cl2, is isotypic with cubic sodalite, 
Na8[Al6Si6O24]Cl2, and the β-cages enclose [Na4⋅Cl]3+ clus-
ters (e.g., Danø 1966; Hassan and Grundy 1984, 1991). The 
framework of tugtupite, [Al2Be2Si8O24], may be considered as 
intermediate in composition between the framework of sodalite, 
[Al6Si6O24], and helvite, [Be6Si6O24] (Hassan and Grundy 1985). 
The tetragonal symmetry of tugtupite arises from T cation order-
ing (T = Al3+, Be2+, and Si4+). Interest in tugtupite arises mainly 
from the detailed structural effects that result from a framework 
that consists of three different cations. Previous high-temperature 
structural work was not done on tugtupite, so the present study was 
carried out to determine the structural behavior of tugtupite to 982 
°C using in situ synchrotron X-ray powder diffraction data.

The general structural features of tugtupite are similar to those 
of sodalite. The tugtupite framework structure is characterized 
by four-membered rings (formed by T cations and ignoring O 
atoms) in the faces of the unit cell, and these rings are linked to 
form six-membered rings about the corners of the unit cell (Fig. 
1). The four-membered rings parallel to (010) have an ordered 
distribution of T atoms consisting of one Al, one Be, and two 
Si atoms, whereas the four-membered rings parallel to (001) 
consists only of Si atoms. As a result of the linkage of the four-
membered rings, all the six-membered rings have an ordered 
arrangement of T atoms consisting of one Al, one Be, and four 
Si atoms. The Al and Be atoms are diametrically opposite each 
other in the six-membered rings. The cages contain the Na and 

Cl atoms; the Cl atoms are at the corners and center of the unit 
cell. The Na atoms tetrahedrally coordinate the Cl atom.

EXPERIMENTAL METHODS
The red tugtupite sample is from Ilímaussaq, Narssaq Kommune, South Green-

land (Royal Ontario Museum, ROM no. M32790). This sample was previously 
studied by Hassan and Grundy (1991). The crystals of tugtupite were handpicked 
and crushed to a powder using an agate mortar and pestle. High-temperature 
synchrotron X-ray powder diffraction experiments were performed at beam-line 
X7B of the National Synchrotron Light Source at Brookhaven National Laboratory. 
The sample was loaded in a quartz capillary (diameter = 0.5 mm, open to air at 
one end) and was oscillated during the experiment over an angle of 15°. The raw 
high-temperature X-ray patterns were collected using in situ synchrotron radiation 
[λ = 0.91997(4) Å] at room pressure and from 33 to 982 °C at regular intervals of 
16 °C. The sample was heated at a rate of 9.5 °C/min using a horseshoe-shaped 
heater and controlled using a thermocouple element near the capillary. The data 
were collected to a maximum 2θ of 50° [(sinθ/λ) < 0.46 Å–1]. An imaging plate (IP) 
detector (Mar345, 2300 × 2300 pixels) mounted perpendicular to the beam path was 
used to collect full circle Debye-Scherrer rings with an exposure time of 15 s. An 
external LaB6 standard was used to determine the sample-to-detector distance, tilt 
angle, wavelength, and tilting angle of the IP. The diffraction patterns recorded by 
the IP were integrated using the Fit2d program (Hammersley 1996).

Of the numerous diffraction traces collected, sixteen patterns were chosen 
at regular temperature intervals for treatment with the Rietveld method using the 
GSAS and EXPGUI programs (Larson and Von Dreele 2000; Toby 2001). For 
the room-temperature structure, the starting atomic coordinates, cell parameters, 
isotropic displacement parameters, and space group, I4

–
, were those of Hassan and 

Grundy (1991). The refined atomic coordinates were then used as input for the 
next higher-temperature structure. The site occupancies were fixed to the idealized 
chemical formula for tugtupite. Refinement of the occupancy factors for the Na 
and Cl atoms indicate this formula to be appropriate.

In the initial stages, the background was fitted using a Chebyshev polynomial 
with twenty-four coefficients, and the profiles were fitted using the pseudo-Voigt 
function and an asymmetry correction term (GV, GW, LY, and Asym terms). The 
zero-shift was set to zero at all temperatures. A full-matrix least-squares refinement 
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ABSTRACT

The structural behavior of tugtupite, (ideally Na8[Al2Be2Si8O24]Cl2), a member of the sodalite-
group minerals, at room pressure and from 33 to 982 °C on heating, was determined by using in situ 
synchrotron X-ray powder diffraction data [λ = 0.91997(4) Å] and Rietveld refinement. The sample 
was heated at a rate of 9.5 °C/min and X-ray traces were collected at intervals of 16 °C. The unit-cell 
parameters for tugtupite increase smoothly and non-linearly to 982 °C. The percent volume change 
between 33 and 982 °C is 2.97(3)%. In tugtupite, large displacement parameters occur for the Na and 
Cl atoms, and the Na-Cl bond expands with temperature. The [Na4⋅Cl]3+ clusters expand with increases 
of the Na-Cl bond length by 0.073(3) Å between 33 and 982 °C. This forces the Na atoms toward 
the plane of the framework six-membered rings, and causes the framework tetrahedra to rotate. The 
framework TO4 (T = Al3+, Be2+, or Si4+) tetrahedra distort slightly with temperature, but the T-O distances 
remain nearly constant. This mechanism causes a fairly high-rate of expansion in tugtupite. If the Na 
atom reaches approximately the plane of the six-membered ring, because of the increase in bonding 
to the Na atom, the expansion will be retarded, but tugtupite melts before this occurs. Tugtupite melts 
at 1029 °C. The NaCl component in tugtupite is lost in two main stages; 1.8 wt% NaCl is first lost at 
about 1007 °C, and 8.2 wt% NaCl is lost in several steps between 1019 and 1442 °C.


