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ABSTRACT

Polarized infrared absorption spectra of thin, oriented single-crystal slabs of pectolite
and serandite were recorded between 4000 and 350 cm21 at 298 and 83 K. The spectra of
both minerals show a broad absorption region parallel to the silicate chains (b direction)
that is centered around 1000 cm21, which is interrupted by a transmission window, and
which is superimposed by sharp silicate, lattice, and overtone modes. This band is assigned
to the OH stretching mode consistent with the alignment of the O-H · · · O hydrogen bond
parallel to b and the short O · · · O distance of 2.45–2.48 Å that was found in previous X-
ray structure refinements. At 1396 cm21 (pectolite) and 1386 cm21 (serandite) an OH
bending mode is observed in the IR spectra parallel to c. At low temperatures, this mode
shifts up to higher frequencies (1403 cm21 at 83 K in pectolite), whereas the down-shift
of the OH stretching mode cannot be observed due to the extremely broad band width.
The slightly higher energy of the bending mode in pectolite indicates a slightly stronger
hydrogen bond with respect to serandite. However, the bond length in serandite is slightly
shorter than that in pectolite. An asymmetric O-H · · · O bond is confirmed in pectolite and
serandite through comparison with different materials with similar, very strong hydrogen
bonds and low-energy OH stretching modes.

INTRODUCTION

Pectolite, NaCa2[Si3O8(OH)], and serandite, NaMn2

[Si3O8(OH)], occur typically as hydrothermal minerals in
cavities and fissures of basic magmatites and as rock-
forming minerals in alkaline rocks. An X-ray crystallo-
graphic description of pectolite was first given in com-
parison with monoclinic pyroxenes by Warren and Biscoe
(1931). Because of the triclinic structure of pectolite, it
was not considered to be a member of the pyroxene
group. Peacock (1935) confirmed the triclinic symmetry
by numerous morphologic investigations. On the basis of
X-ray diffraction patterns, Schaller (1955) found a con-
tinuous isostructural series from pectolite to serandite.

The crystal structure of pectolite was first determined
by Buerger (1956) and subsequently refined by Prewitt
and Buerger (1963). They stated that the most probable
location for the H proton is between the undersaturated
oxygen atoms O(3) and O(4), which are separated by less
than 2.5 Å. A further refinement in the space group P1
(Z 5 2) was made by Prewitt (1967) using counter dif-
fractometer data. He proposed that the H proton is asso-
ciated closer to O(3) leading to an asymmetric O-H · · · O
bond. This was also confirmed by an investigation of Ta-
kéuchi and Kudoh (1977), who refined a manganoan sam-
ple of pectolite. The isotypic structure of serandite was
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refined by Takéuchi et al. (1976). The H atom position in
serandite could not be located exactly, but a residual elec-
tron density between O(3) and O(4) was observed.

The crystal structures of both minerals are composed
of silicate chains (Si3O9 units) running parallel to b, which
are interconnected by double columns of edge-sharing
CaO6 (resp. MnO6) octahedra also extending in the b di-
rection. The Na atoms have a peculiar, irregular coordi-
nation, and connect silicate chains and octahedral col-
umns. The location of the proton between the closely
spaced O(3) and O(4) atoms of the silicate chain, induces
a very strong hydrogen bond with an O-H vector orien-
tated approximately parallel to the b direction (Figs. 1a
and 1b). Hence, the silicate unit is best described as
[Si3O8(OH)]. Stacking disorder and polytypism in pecto-
lite and serandite similar to that observed in wollastonite
were discussed by Müller (1976).

Because Z 5 2 and the formulae of pectolite and ser-
andite contain one OH group, the unit cell contains only
two OH groups that are symmetrically related by a center
of symmetry (P1). Consequently, only one IR active
stretching mode (Au, asymmetric vibration of the two
groups) and one Raman active stretching mode (Ag, sym-
metric vibration of the groups) is expected (according to
the factor group tables by Adams and Newton 1970). If
the H sites are fully occupied, the above considerations
also exclude the presence of additional OH groups in the
structure (except for additional ‘‘impurity’’ sites).


