
Episodes 2005

Micro- and
Mesoporous
Mineral Phases
Rome, Italy, December 6-7,
2004

In Materials Science, investigations aiming
to prepare new types of molecular sieves
(porous materials) that are distinct from zeo-
lites in the kind of polyhedra building up
their structure have recently opened a pro-
ductive field of research inspired by the crys-
tal structures of minerals. Three groups
(micro-, meso- and macroporous structures)
are discriminated based upon the effective
width of the pores (channels). According to
the recommendations of the International
Union for Pure and Applied Chemistry
(IUPAC) (McCusker et al., 2003), pores are
micro, meso and macro if the effective width
of their channels is less than 2 nm, in the 2-50
nm range and larger than 50 nm, respec-
tively. Ideally, pores repeat in a regular man-
ner, forming long-range ordered structures.
Of particular interest are novel molecular
sieves characterized by a mixed octahedral-
tetrahedral framework (heteropolyhedral
framework), instead of a purely tetrahedral
framework as in zeolites (Figure 1).

Heteropolyhedral compounds are not
the only representatives of the new types of
microporous mineral phases, but surely, they
are the most extensively studied since the
early 1990’s, with particular attention to
titanosilicates, such as ETS-4 (synthetic ana-
logue of the mineral zorite; Kuznicki, 1989)
and ETS-10. The search for octahedral-tetra-
hedral silicates includes minerals containing
metals other than titanium, for instance zir-
conosilicates, with the preparation of syn-
thetic counterparts of the minerals gaidon-
nayite, petarasite and umbite (Lin et al.,
1997, 1999). Many microporous octahedral-
tetrahedral compounds containing metals
such as Nb, V, Sn, Ca and lanthanides, have
been reported and a wide number of distinct
structural types (e.g., rhodesite and tober-
morite) have been synthesized and struc-
turally characterized (Ferreira et al., 2003;
Rocha et al., 2000). Moreover, evaluation of
the potential applications of these novel
materials has been performed, particularly in
the areas of catalysis, separation and ion
exchange.

A comprehensive review of the miner-
alogical, structural, chemical and crystal-
chemical studies carried on natural phases
reveals extremely useful to inspire and favor
investigations on analogues or related syn-
thetic materials. A similar synergy between
mineralogists and materials scientists already
occurred in the ‘classical’ case of zeolites
(Bish and Ming, 2001), in which the wide

and deep structural and crystal-chemical
knowledge accumulated in the study of the
natural phases is extraordinarily useful to the
chemists who are active in the field of mole-
cular sieves.

Dedicated to the novel types of porous
minerals, a meeting titled ‘Micro- and meso-
porous mineral phases’ has been jointly orga-
nized (Rome, December 6-7, 2004) by the
Italian Accademia Nazionale dei Lincei and
the International Union of Crystallography
via its Commission on Inorganic and Mineral
Structures. Fausto Calderazzo, Giovanni Fer-
raris, Stefano Merlino and Annibale Mottana
convened the meeting; several other organi-
zations representing both Mineralogy (e.g.,
the International Mineralogical Association
and the European Mineralogical Union) and
Crystallography (e.g., the European Crystal-
lographic Association and the Italian Associ-
ation of Crystallography) supported the
meeting. Over 100 delegates from 20 coun-
tries attended it and presented 32 oral and 53
poster contributions. Delegates and contribu-
tions covered different fields of Sciences:
Mineralogy, Crystallography, Chemistry,
Materials Science, Physics, Biology, and
Industrial Research. The possibility of
approaching different aspects of porous min-
erals was highly appreciated by the partici-
pants, most of which were neither mineralo-
gists nor crystallographers. 

The extended abstracts filled 324 pages
of the Pre-Prints book; few copies are still
available and can be obtained free of charge
contacting delbuono@lincei.it. The contribu-
tions of twelve oral presentations are in press
as volume 57 (same title of the meeting) of
the Reviews in Mineralogy and Geochem-
istry (RiMG) published by the Mineralogical
Society of America (editors: G. Ferraris and
S. Merlino; series editor: J. J. Rosso). A
number of other contributions will be pub-
lished in a dedicated issue of the European
Journal of Mineralogy.

For a synthesis of the contributions pre-
sented at the meeting, one can begin with

those published in the RiMG volume. Two
contributions covered general aspects of
porous materials: application to non-zeolite
mineral phases of the IUPAC nomenclature
developed for ordered porous materials (L.
B. McCusker, Zurich) and extension from
zeolites to heteropolyhedral structures of the
topological representation by using nodes
representing the coordination polyhedra (S.
V. Krivovichev, St. Petersburg). Five oral
presentations dealt with various groups of
heteropolyhedral porous structures; for each
group the authors emphasized some general
aspect according to their research specializa-
tion. G. Ferraris (Turin) put the emphasis on
the modular aspects (Ferraris et al., 2004) of
well-known porous phases (like sepiolite,
palygorskite and rhodesite-related struc-
tures), as well as on heterophyllosilicates.
The latter minerals may be not strictly porous
phases, according to the IUPAC definition;
however, by analogy with phyllosilicates
potentially they could be the basis for new
pillared materials (Schoonheydt et al., 1999).
N. V. Chukanov and I. V. Pekov (Moscow)
discussed mineralogical and crystal-chemi-
cal aspects of the porous mineral phases (like
eudialytes and labuntsovites) that are typical
of hyperalkaline rocks, in particular in Kola
Peninsula (Khomyakov, 1995). J. Rocha
(Aveiro) emphasized how much research on
the synthesis of octahedral-pentahedral-tetra-
hedral framework silicates has been inspired
and motivated by the many examples of such
materials provided by nature. W. Depmeier
(Kiel) described the microporous aspects and
properties of the sodalite structure type
emphasizing its double role: as chlatrate able
to encapsulate guest species and as zeoate
with zeolite-like channels [for the distinction
of porous structures in zeoates and chlatrates
see Liebau (2003)]. S. Merlino (Pisa) illus-
trated the mineralogical and technological
features of the minerals related to tober-
morite and presented the structures of the
cancrinite-sodalite and gyrolite groups of
porous structures under their modular
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Figure 1  Infinite channels delimited by 12-membered rings of Si-tetrahedra in the zeolite
gmelinite (right side) and by 8-membered rings of Si-tetrahedra in the octahedral-tetrahedral
microporous mineral rhodesite (left side).



aspects. M. Pasero (Pisa) exposed the topo-
logical and polysomatic aspects of the “tun-
nel oxides”, a historical name applied to
porous oxides related to MnO2, and reviewed
their main technological applications. The
next two contributions attracted the attention
on “unexpected” porous materials: sulfides
and apatite. E. Makovicky (Copenhagen)
analyzed the structures of natural and syn-
thetic sulfides and selenides showing that,
even if experimental work proving porous
activity is practically still missing, several
types of structures display promising chan-
nels. T. J. White (Singapore) convincingly
showed that the apatite structure type dis-
plays porous properties, some of which
already exploited for technological applica-
tions. Finally, M. Mellini (Siena) dedicated
his talk to mesoporous mineral phases, i.e.,
crystalline compounds with pores wider than
2 nm, like the carbon nanotubes and
fullerenes, which occur also in nature,
chrysotile, opal and, moving from channels
to cages, clathrates.

Other presentations further contributed
to topics mentioned above: shape of the
pores (V. A. Blatov, Samara; F. Liebau,
Kiel); synthesis (A. Bienok, Salzburg), spec-
troscopy (G. Della Ventura, Rome) and new
compositions (F. Camara, Pavia; A. N.
Sapozhnikov, Irkutsk) of cancrinite-like
compounds; synthesis of compounds of the
gyrolite group (K. Garbev, Karlsruhe); chla-
trates (W. F. Kuhs, Göttingen); unusual
sodalite-group compositions (P. Ballirano,
Rome); synthesis of titanosilicates (N. Doe-
blin, Bern; S. Ferdov, Sofia);
palygorskite/indigo complex (R. Giustetto,
Turin); eudialytes (R. K. Rastsvetaeva,
Moscow); melting of heterophyllosilicates
(V. A. Zaitsev, Moscow); structural mechan-
ics in labuntsovites (A. A. Zolotarev, St.
Petersburg). Zeolites (S. V. Goryainov,
Novosibirsk; A. Y. Likhacheva, Novosi-
birsk; S. Quartieri, Messina; A. Jankowska,
Poznan; S. Wongkasemjit, Bangkok; E. Pas-
saglia, Modena; L. Robu, Bucharest; Yu. V.
Seryotkin, Novosibirsk; T. Váczi, Budapest;
S. A. Burov, Moscow), alluaudite-type phos-
phates (F. Hatert, Liège), cordierite-sekani-
naite minerals (O. V. Yakubovich, Moscow;
V. M. Khomenko, Kiev), penkvilksite type
compounds (Z. Lin, Aveiro), umbite and
kostylevite like compounds (J. R. Garcia,
Oviedo) have been the argument of a number
of oral and poster contributions.
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