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ABSTRACT
The real structures of clinotobermorite, tobermorite 9 Å, and tobermorite 11 Å were determined
through the application of OD approach, which allowed us to explain their peculiar disorder and
polytypic features and to derive the main polytypes for each of them. The structural arrangements
will be described and discussed for one polytype of each compound: clinotobermorite, triclinic polytype
C1, a = 11.274, b = 7.344, c = 11.468 Å, α = 99.18°, β = 97.19°, γ = 90.03°; tobermorite 9 Å, triclinic
–
polytype C1, a = 11.156, b = 7.303, c = 9.566 Å, α = 101.08°, β = 92.83°, γ = 89.98°; tobermorite 11
Å, monoclinic polytype B11m, a = 6.735, b = 7.385, c = 22.487 Å, γ = 123.25°. Common structural
features are infinite layers, parallel to (001), formed by sevenfold-coordinated calcium polyhedra.
Tetrahedral double chains, built up through condensation of “Dreiereinfachketten” of wollastonitetype and running along b, link together adjacent calcium layers in clinotobermorite and tobermorite
11 Å, whereas single tetrahedral chains connect adjacent calcium layers in tobermorite 9 Å. The
relatively wide channels of clinotobermorite and tobermorite 11 Å host “zeolitic” calcium cations
and water molecules. The present structural results now allow for a sound discussion of the crystal
chemical relationships between the various members of the tobermorite group and an explanation of
the peculiar thermal behavior of tobermorite 11 Å.

INTRODUCTION
Among the numerous hydrated calcium silicates occurring
in nature as hydrothermal alteration products of calcium carbonate rocks and as vesicle fillings in basalts, particular attention has been given to the family of tobermorite. Four members
have been so far sufficiently characterized for chemical composition, crystallographic properties, and reciprocal relationships: clinotobermorite, tobermorite 9 Å, tobermorite 11 Å,
and tobermorite 14 Å. The notations 9 Å, 11 Å, and 14 Å refer
to the characteristic basal spacings of 9.3, 11.3, and 14.0 Å,
which these phases present in their X-ray powder diffraction
patterns. By heating tobermorite 14 Å, tobermorite 11 Å and
subsequently tobermorite 9 Å are obtained through progressive dehydration processes. However, some specimens of
tobermorite 11 Å do not shrink on heating and are called
“anomalous,” whereas those specimens that shrink on heating
are called “normal.”
The particular interest in the structure and crystal chemistry of the minerals of tobermorite group stemmed from their
close relationships with the CSH (hydrated calcium silicates)
phases formed during the hydration processes of Portland cement (Taylor 1964, 1992, 1997). Subsequently attention has
been drawn to the properties of tobermorite as a cation exchanger and its potential applications in catalysis and in nuclear
and hazardous waste disposal (Komarneni and Roy 1983).
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Therefore, a broad series of studies have been carried on with
different techniques and approaches with the aim to acquire a
deep knowledge of the structural aspects and crystal chemical
features of tobermorite minerals, with special consideration of
tobermorite 11 Å for its central role in the family and the ambiguity of its behavior in the dehydration processes.
Although some basic structural features were already known
since the first study by Megaw and Kelsey (1956), a clear and
definite understanding of the complete structural assessment
had not been obtained. The main difficulty, besides the small
dimensions of the crystals which are generally unsuitable for
single crystal X-ray diffraction experiments, is related to the
extensive disorder displayed by all the minerals in this group.
Here we describe the peculiar kind of disorder taking place in
these natural phases and indicate how it was possible to unravel their “real” structures, to define the structural relationships between the various phases and to present a reliable
explanation of the enigmatic behavior of tobermorite 11 Å in
the dehydration process.

ORDER-DISORDER STRUCTURES
The diffraction patterns of all the phases in the tobermorite
group display features characteristic of OD structures consisting of equivalent layers. In OD structures, neighboring layers
can be arranged in two or more geometrically equivalent ways.
The existence of two or more different ways of connecting
neighboring layers makes it possible to obtain a family of structures with variable degree of order, which, taken as a whole,
build up a family of OD structures. The symmetry features
common to all the members are dealt with by the OD theory
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