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Abstract
O24Si12, tetragonal, P43212 (no. 96), a = 7.4462(1) Å,
c = 8.5838(4) Å, V = 475.93(3) Å3, Z = 1, R(F) = 0.037, T = 293 K.

CCDC no.: 2259819

Tables 1 and 2 contain details of the measurement method
and a list of the atom sites, respectively. Figures 1 and 2
present the crystal structure of keatite and the morphology
of the crystals, respectively.

1 Source of material

Fine grained keatite crystals were synthesized according to
Ferreira da Silva and Fernández Navarro [3] using a silicate
gel prepared from tetraethyl orthosilicate, LiNO3, Cr(NO3)3,
water, and heated at 830 K. The reactionmixture consisted of
0.5 Cr2O3: 5 Li2O: 94.5 SiO2. This led to a sample with 94.4 %
keatite and two impurity phases: dilithium phyllodisilicate
(4.3 %) [4] and quartz (1.3 %). The sample has a light yellow
color due to the small chromium content.

2 Experimental details

Scanning electron micrographs were taken using a Zeiss
Merlin Gemini 2 electron microscope. The samples were
gold coated prior to analysis. For a semi-quantitative
chemical analysis, an OXFORD AZtec Energy X-ray
microanalysis system attached to the electron micro-
scope was used. The diffractometer used for collecting the
powder diffraction data was equipped with a curved
germanium (111) primary monochromator and a Braun
linear position-sensitive detector (2θ coverage = 6°). The
sample was sealed in a glass capillary (0.3 mm in diameter)
to avoid a preferred orientation of the crystals. No ab-
sorption correction was necessary. Soft distance restraints
were used for d(Si–O) = 1.61(1) Å, d(Si–Si) = 3.10(4) Å,

Figure 1: Structural representation of keatite (projection along b).

Figure 2: Scanning electron micrograph of keatite.
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d(O–O) = 2.62(2) Å. Isotropic displacement parameters B(iso)
for Si andO atoms, respectively, were constrained to be equal.
The structures of the two impurity phases were included in
the refinement with fixed structural parameters.

3 Comment

Synthetic keatite, also knownas “silicaK” andoriginally named
“A New Crystalline Silica”, was for the first time obtained in
1954 by hydrothermal treatment of silicic acid by P. P. Keat [5].
According to Keat (and, later, according to [3,6–10]) an alkaline
compound like MOH or M2CO3 (M = Li, Na, K) of low concen-
tration is necessary or at least favourable for a successful
synthesis of keatite. Keatite is difficult to synthesize as a pure
phase and crystallizes always as very fine-grainedmaterial. In
2013 Keatite was also discovered in nature “as a precipitate in
the core of ultrahigh-pressure (UHP) clinopyroxene (Cpx)
within garnet pyroxenite from the Kokchetav Massif,
Kazakhstan” [11]. The structure of keatite was solved by
Shropshire et al. in 1959 [12]. The authors had to use quite
small single crystals, and only the intensities of (hh0) and (hhl)
reflections could be determined. Relying, at that time, on film
methods (Weissenberg photographs) the structure could not
be refined well. The authors state: “ … the intensity
measurements are less reliable than in most structure
determinations”. No other structure analysis on keatite has
been published, so far. Only powder data were available for
the structure analysis presented here. The chemical analysis

of 10 individual keatite crystals yielded anaverage value of Cr/
Si = 0.025. Cr is slightly enriched compared to the very low
value of the reactionmixture (Cr/Si = 0.005). Li is incorporated
in the impurity phase dilithium phyllodisilicate. The X-ray
powder data were indexed in the tetragonal crystal system
proposing the space group symmetry P43212. The Rietveld
refinement not only confirmed the rough structure model
published by Keat [5] but led to an improved precision con-
cerning atomic coordinates, bond lengths and bond angles. Cr
could not be located in the structure of keatite. Keatite is a
metastable SiO2 polymorph and does not appear in the phase
diagram (p, T) of the silica polymorphs. Although the structure
of keatite contains only two crystallographically independent
Si sites, the framework structure is quite complex due to the
high symmetry. While the framework structures of most
dense silica polymorphs like quartz, tridymite and cristobalite
are dominated by 6-rings of interconnected [SiO4/2] tetra-
hedra, the framework of keatite is predominantly constructed
from 5- and 7-rings. The density of keatite calculated from the
structure data is 2.516 g/cm3, a value intermediate between the
ones of the high-temperature polymorph cristobalite (2.318 g/
cm3) and the low temperature polymorph quartz (2.649 g/
cm3). The geometrical analysis of the structure gave inter-
atomic distances and bond angles that are typical for dense
silica polymorphs.
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