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INTRODUCTION

Certain minerals contain molecules in channels or cavities
of varying shapes and sizes. These structural voids are able to
trap and exchange extra framework molecules. Such structures
are of interest from a catalysis and selective sorption point of
view. The incorporation of H2O molecules into cavities, and
the formation of hydrogen bonds, presents an excellent oppor-
tunity to study this type of bonding. This is because the crystal
framework provides a “matrix” for ordered hydrogen-bonded
molecules that can be investigated over a wide temperature
range as compared to, for example, molecules in gas matrices,
gases, solutions, or even to H2O in ice.

One such mineral is the zeolite bikitaite, Li2[Al2

Si4O12]·2H2O, which contains two H2O molecules per unit cell.
It has a framework structure consisting of chains of corner-
sharing SiO4 and AlO4 tetrahedra parallel to [010] that join to-
gether to form small and large channels that are also parallel to
[010] (Kocman et al. 1974; Bissert and Liebau 1986). The H2O
molecules occur inside the larger channel and build infinite
one-dimensional chains (Fig. 1; Kocman et al. 1974; Ståhl et
al. 1989; Quartieri et al. 1999). The H2O molecules are hydro-
gen bonded to each other with H…Ow distances of 1.949(3) Å
and 1.955(3) Å at 13 K and 1.997(6) Å and 2.002(5) Å at 295
K, whereas the H…O (framework) distances are in the range
of 2.544(4) to 2.946(4) Å (Ståhl et al. 1989). This construction
has led to the description of the H2O chains in bikitaite as “one-
dimensional ice” (Quartieri et al. 1999). However, there are
two notable characteristics of the infinite H2O chains that dif-

ferentiate them from H2O in ice or water: (1) only one hydro-
gen atom of the H2O molecule takes part in hydrogen bonding
and (2) the H2O chain is pinned to the Al-Si framework chan-
nel wall through bonding between the Ow atom of the H2O
molecule and a Li atom. Thus, the effect of temperature on the
hydrogen bond, OH◊◊◊O, will be largely controlled by exten-
sion or contraction of the bikitaite framework along [010].

In bikitaite the H2O states are intermediate in complexity as
compared to the relatively simple “zero-dimensional” case in
end-member beryl and cordierite. Here, single non-hydrogen-
bonded H2O molecules occur in small structural cavities and have
little interaction with the silicate framework (Kolesov and Gei-
ger 2000a; Kolesov and Geiger 2000b). In most zeolites the case
is more complicated, because there are large cavities where H2O
molecules interact with the surroundings in various ways and
thus the H2O molecules are distorted (e.g., Kvick 1986).

There have been a large number of vibrational spectroscopic
studies of the H2O molecule and hydrogen bonding in different
substances (see Jeffrey 1997 for a review). The nature of hy-
drogen bonding in liquids and solids is better understood today
after many years of uncertainty and confusion. However some
questions still remain. Among them, the nature of the linewidths
or line broadening of O-H stretching modes in IR and Raman
spectra is not completely understood. Hadzi and Bratos (1976)
proposed the following mechanisms for causing line broaden-
ing in systems having weak and moderately strong hydrogen
bonds: (1) structural disorder that produces a range of hydro-
gen bonded interactions (e.g., formation of different types of
hydrogen bonded aggregates); (2) Fermi resonance; (3)
anharmonicity leading to strong coupling between high
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ABSTRACT

The zeolite bikitaite, Li2[Al2Si4O12]·2H2O, has structural channels containing infinite chains of
H2O molecules running parallel to [010]. One hydrogen atom of an H2O molecule is weakly hydro-
gen bonded to an O atom of a neighboring molecule, while the other hydrogen atom is unbonded.
The molecules are ordered and the chains they form have been called “one-dimensional ice.” Polar-
ized Raman spectra of single crystals in the wavenumber range 40–4000 cm–1 were measured from 5
to 625 K. At low temperatures, four different O-H stretching vibrations can be observed between
3330 and 3600 cm–1, as well as H2O bending vibrations at about 1640–1650 cm–1. The two lower
wavenumber hydrogen-bonded O-H stretching modes increase in wavenumber with increasing tem-
perature, while the higher wavenumber non-hydrogen-bonded OH modes decrease in wavenumber.
The temperature dependence of the linewidths of the O-H stretching modes and the degree of hydro-
gen bonding between neighboring H2O molecules show that the main cause of line broadening is
modulation of the OH potential from low-energy thermal O…O vibrations in the H2O chains. At
elevated temperatures, the different O-H stretching modes become similar in energy and only a single
symmetric H2O stretching band is observed above 520 K. At these temperatures the H2O molecules
lose their hydrogen bonding and are only bonded to Li cations at the walls of the channels.


