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INTRODUCTION

The compression behavior of hydrous minerals can provide
fundamental information on global phenomena occurring in the
Earth’s interior, such as dehydration of the subducting slab,
deep-focused earthquakes, and water storage in the mantle (e.g.,
Prewitt and Parise 2000; Williams and Hemley 2001). The struc-
tural response of the hydrogen bond to high pressure is rel-
evant to studies of pressure-induced phase transitions of hydrous
materials. Pressure responses of some dense hydrous silicate
minerals have been studied by neutron diffraction, infrared
spectroscopy, and Raman spectroscopy (e.g., Faust and Will-
iams 1996; Kagi et al. 2000; Welch and Marshall 2001; Friedrich
et al. 2002; Kleppe et al. 2003). Neutron diffraction can be
used to determine the location of hydrogen atoms in the crystal
structures of hydrous minerals, and vibrational spectroscopy
provides information on the bonding environment, bond de-
formations, and the bond strength to surrounding hydrogen at-
oms. Thus the combined use of neutron diffraction and
vibrational spectroscopy provides a more complete understand-
ing of the pressure response of hydrogen bonding. Studies on
model compounds for complex hydrous minerals have greatly
helped our understanding of the pressure response of hydro-
gen bonding at high pressure. For example, studies of the
brucite-related metal hydroxides [M(OH)2, M = Ca, Mg, Ni,
Co] have provided significant insights into the relative impor-
tance of pressure-induced hydrogen bond formation and H…H

repulsion for the structural response of these material to pres-
sure (Parise et al. 1998a, 1998b, 1999). While diffraction and
spectroscopic measurements showing the O(-H)◊◊◊O distances
shortening with increasing pressure are consistent with strength-
ening of the hydrogen bond, in fact the repulsion between hy-
drogen atoms or hydrogen and other cations clearly dominate
the high-pressure structural response (Peter et al. 1999; Parise
et al. 1999). The “O(-H)…O” distance is here defined as the
minimum (direct) distance between the donor and acceptor O
atoms of the O-H…O hydroxyl/hydrogen-bond group. In this
paper we refer to this distance as the O…O distance, or for
kalicinite more specifically as the O2…O3 distance.

The hydrogen bonds in most dense hydrous minerals are
weak or moderate at best at ambient pressure, as indicated by
O(-H)…O distances in the range from 2.7 to 3.2 Å and the
frequency of the O-H stretching vibration mode, which ranges
from 3000 to 3600 cm–1. On the other hand, studies of strongly
hydrogen-bonded materials could mirror the behavior of hy-
drous minerals at very high pressure because hydrogen bond-
ing is already strong at ambient pressure and the strength can
be further enhanced with increasing pressure. Consequently,
some new phenomena, which cannot be expected for materials
with moderate or weak hydrogen bonds, could be observed in
the strongly hydrogen-bonded materials. Using this rationale,
we chose a hydrogen carbonate mineral, kalicinite, as the ex-
perimental sample of this study.

Kalicinite, KHCO3, possesses hydrogen bonds with rela-
tively short O…O distances of ~2.6 Å, indicating moderately* E-mail: kagi@eqchem.s.u-tokyo.ac.jp
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ABSTRACT

The pressure-induced structural phase transition in kalicinite, KHCO3, has been studied by neutron
powder diffraction, and infrared (IR) and Raman spectroscopy at high pressure and room temperature.
The neutron diffraction study of deuterated kalicinite (KDCO3) revealed that for the one site for hydro-
gen (deuterium) found in the low-pressure phase, the O-D◊◊◊O angle decreases from 176 to 161∞ and
the distance between donor and acceptor O atoms of the O-D◊◊◊O group decreases from 2.66 to 2.59
Å in the pressure range from 0 to 2.5 GPa. The crystal structure of the high-pressure polymorph was
not determined. Infrared spectra were obtained at pressures up to 6.3 GPa using a diamond anvil
cell. At ambient pressure, the O-H stretching, O-H◊◊◊O in-plane bending, and O-H◊◊◊O out-of-plane
bending modes occur at 2620, 1405, and 988 cm–1, respectively. The frequency of the O-H stretch
mode was nearly constant in the pressure range from 0 to 2.8 GPa, while that of O-H◊◊◊O in-plane
bending and out-of-plane modes increased with increasing pressure up to 2.8 GPa and remained
constant above the phase transition pressure. The Raman spectra showed a clear phase transition at
2.8 GPa. The three Raman modes observed are assigned to internal vibrational modes of HCO3

– and
this suggests that the surrounding environment did change dramatically at the phase transition. These
results suggest that the phase transition in kalicinite is triggered by the distortion of C-O-H bond at
high pressure.


