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INTRODUCTION

The incorporation and orientation of molecular CO2 and H2O
in the channel cavities of cordierite, (Mg,Fe)2Al4Si5O18

.X(H2O,
CO2) were investigated using various experimental and com-
putational methods including DTA and dehydration studies
(Sugiura 1959), X-ray and neutron diffraction (e.g., Cohen et
al. 1977; Armbruster 1985), IR spectroscopy (Farrell and
Newnham 1967; Goldman et al. 1977; Vry et al. 1990), proton
NMR spectroscopy (Carson et al. 1982), quasi-elastic neutron
scattering (Winkler et al. 1994b), and quantum mechanical cal-
culations (Winkler et al. 1994a). These various studies show
that CO2 is aligned parallel to the X axis of cordierite
(Armbruster and Bloss 1982; Armbruster and Bürgi 1982; Aines
and Rossman 1984; Armbruster 1985). The behavior of H2O is
more complicated. Farrell and Newnham (1967) found that the
H2O molecules lie in the XZ crystal plane (010) with the H...H
direction parallel to the channel axis [001]. Goldman et al.
(1977), following upon the work of Wood and Nassau (1967)
in beryl, concluded that two types of H2O molecules can be
identified, which they labeled as Type I and II. The molecular
plane of both Type I and II H2O is located in the YZ crystal

plane (100), but they differ in the orientation of their H...H vec-
tors, which are either parallel (Type I) or perpendicular (Type
II) to [001]. The apparent discrepancy over the orientation of
the H2O molecular plane proposed by Farrell and Newnham
(1967) vs. Goldman et al. (1977) can be explained by the dif-
ferent crystal settings used by the two groups. From neutron
diffraction results, Cohen et al. (1977) proposed that the H2O
molecules are statistically disordered over four different orien-
tations with their molecular plane nearly parallel to the XY
crystal plane (001). Hochella et al. (1979) proposed, using X-
ray methods and a reinterpretation of the neutron diffraction
data, that the molecular plane of H2O is tilted about 29° from
(100). Winkler et al. (1994b) proposed that Type I H2O in syn-
thetic Mg-cordierite is rotationally disordered about [001] and
that a pure static description is inappropriate to describe its
behavior in the channel cavity. They proposed a two orienta-
tion jump model in which the H...H vector remains parallel to
[001] and the H2O molecule rotates about its center of mass
with an estimated jump time of about 6 ps at room tempera-
ture. There is no information on the dynamics of Type II H2O.

Infrared spectroscopy is a powerful method for the detec-
tion and description of H2O. However, unexplained inconsis-
tencies or problems exist regarding the band assignments for
Type I H2O. In the case of cordierite it was shown that the
interaction between H2O and the silicate framework is very
weak (Langer and Schreyer 1976; Winkler et al. 1994a).
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ABSTRACT

Polarized single-crystal Raman spectra at room temperature and 5 K and polarized infrared spec-
tra at room temperature were obtained from four natural cordierites of different compositions in the
wave number region of the CO2 symmetric stretching vibration and the H2O stretching vibrations.
The CO2 molecules are preferentially aligned parallel to the X axis, consistent with results from X-
ray diffraction and optical studies. The CO2 contents of six natural cordierites, previously studied by
powder IR methods (Vry et al. 1990), were determined via Raman spectroscopy. A linear relation-
ship was found between CO2 content and the Raman intensity ratio of the normalized CO2 stretching
mode against a Si-O stretching mode. This permits a determination of the CO2 contents in cordierite
using micro-Raman measurements. The internal stretching modes between 3500 and 3800 cm–1 were
assigned to various types of H2O molecules occurring in the channel cavity. Three different orienta-
tions of H2O molecules that have no interactions with alkali cations located at 0,0,0 in the six-
membered tetrahedral rings are classified in a static model as Class I H2O molecules. The H...H
vector for two of them is parallel to [001], and their molecular planes lie in the XZ and YZ crystal
planes. The third type has its H...H vector directed along the X axis and its molecular plane lies in the
XZ plane. Two other types of H2O have interactions with the alkali cations located at 0,0,0. They are
classified as Class II H2O. They distinguish themselves by the number of H2O molecules bonded to
the alkali atoms. The formation of weak hydrogen bonds at low temperatures may explain the ap-
pearance of some Raman stretching modes below 200 K. The H2O molecules of Class I-Type I/II are
probably dynamically disordered about [001] hopping between orientations in the XY and XZ planes
down to 5 K. Class II H2O may also be disordered, but more measurements are required to describe
its dynamic behavior.
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