American Mineralogist, Volume 84, pages 1170–1175, 1999

Crystal structure of kanemite, NaHSi2O5·3H2O, from the Aris phonolite, Namibia
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ABSTRACT
Kanemite was studied by single-crystal X-ray diffraction. The mineral, ideally NaHSi2O5·3H2O,
is orthorhombic (space group Pbcn); unit-cell parameters are a = 4.946(3), b = 20.502(15), c = 7.275(3)
Å, with Z = 4. The structure is solved and refined to an R value of 0.058 for 825 independent reflections. The arrangement of atoms consists of alternating (010) sheets of corrugated [Si2O4OH]nn– and
hydrated Na. The silicate sheets contain six-membered rings of HOSiO3-SiO4 units. Sodium atoms
coordinate to six water molecules, forming layers of distorted octahedra. Residual electron densities
were located that give reasonable positions for four H atoms. One H is part of a silanol group, and the
other three H atoms are associated with water bonded to Na. Bonding between the silicate and Na
sheets is through hydrogen bonding from H of the Na layer to O of the silicate sheet.

INTRODUCTION
Interest in kanemite stems from its high charge density
(higher than clays), reactivity between the silicate sheets, and
potential uses as a catalyst support and novel absorbent (Beneke
and Lagaly 1977; Yanagisawa et al. 1990; Keene et al. 1996).
In addition, kanemite is used as the starting compound for the
synthesis of the mesoporous material FSM-16, which has novel
catalytic and absorption properties (Yanagisawa et al. 1990;
Branton et al. 1996; Inagaki et al. 1996a, 1996b; Ishikawa et
al. 1996; Yamamoto et al. 1996; Yoshida et al. 1997; Sakamoto
et al. 1998). An Al phosphate with the kanemite structure has
been also synthesized (Cheng et al. 1997; Kimura et al. 1998).
Like kanemite, the aluminophosphate layers are able to reorganize and condense to form porous materials when the
interlayer ions are exchanged by surfactant cations. To understand the structural changes that take place during the exchange
and intercalation reactions of kanemite and the related
aluminophosphate, the details of its crystal structure must be
determined.
Kanemite is a hydrated layer sodium silicate (Johan and
Maglione 1972) that forms a series with the sodium silicate
hydrates makatite, octosilicate, magadiite, and kenyaite. This
series can be written Na2O(SiO2 )x(H2O)y, x = 4 to 22 and y = 5
to 10 (Almond et al. 1997). Within this series, only the structure of makatite is known (Annehed et al. 1982). Kanemite
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was first found in trona on the northeastern edge of Lake Chad
(Johan and Maglione 1972), and it can easily be synthesized
(Kalt and Wey 1968; Beneke and Lagaly 1977; Keene et al.
1996). It has been identified in peralkaline rocks of the
Lovozero massif, Kola peninsula (Khomyakov 1995) and in
recent sediments of Lake Bogoria, Kenya (Perinet et al. 1982).
In the absence of suitable crystals for single-crystal structural studies, the kanemite structure has been studied by 1H,
23
Na, and 29Si NMR (Apperley 1995; Almond et al. 1996, 1997;
Hayashi 1997; Hanaya and Harris 1998). Despite the recent
interest in kanemite, its structure is not known, although
Apperley et al. (1995) thought it is similar to KHSi2O5. Here
we describe the structure of kanemite.

OCCURRENCE
The Aris phonolite is located about 25 km south of
Windhoek, Namibia. The samples were collected from a quarry
being mined for road and railway ballast. The quarrying ceased
in 1996 so further collecting will be difficult. The phonolite is
highly vesicular, fine-grained, aphyric and consists of alkali
feldspars, nepheline, and acmite with minute accessory apatite, zircon, and monazite (von Knorring and Franke 1987).
Detailed geochemistry of the nearby phonolites from the
Klinghardt Mountains is given by Marsh (1987). The vesicles
in our samples range from <1 mm to over 10 cm in diameter.
Many are filled with fluid and appear to “burst” when the rocks
are split. In addition to kanemite, the vesicles contain
villiaumite, natrolite, aegerine, microcline, apophyllite, analcime, fluorite, hydroxyapatite, galena, sphalerite, makatite,
quartz, about a dozen less well-characterized or new species,
and the second occurrence of tuperssuatsiaite (von Knorring
et al. 1992; Cámaraet al., in preparation).
Kanemite from Aris is rare; only 25 crystals were found in
ca. 200 kg of rock. In contrast, another sodium silicate makatite
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