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Abstract
The uncoupled anharmonic OH-stretching vibrational frequency for the layered mineral Mg(OH)2
(brucite) has been calculated in the pressure range 0−22 GPa. Quantum-mechanical electronic structure
(DFT) calculations were performed, followed by quantum-mechanical vibrational energy calculations.
The following findings emerged: (1) The calculated dν(OH)/dP slope is –4 cm–1/GPa, in agreement
with the experimental literature value [taken as the average between the Raman and IR-measured
slopes for Mg(OH)2]. (2) The calculated ν(OH) vs. R(O···O) correlation is linear and the slope is
much smaller than that of traditional H-bond correlation curves in the literature. (3) The main origin
of the small dν/dP and dν/dR(O···O) slopes is the small electric field variation as the mineral layers
are pressed toward each other. (4) At high pressure, the OH− ions show some tendency to be tilted
with respect to the c axis, and a larger tilt angle leads to a larger ν(OH) downshift. (5) The pressure
variation of the D quadrupole coupling constant is approximately –1 kHz/GPa.
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Introduction
Vibrational spectroscopy and X-ray diffraction are the major
techniques for characterization of structure and bonding around
OH groups in condensed matter. The location of the OH-stretching vibrational bands is frequently used as a probe for hydrogenbonding. In mineralogical applications, the pressure dependence
of the OH bands is of particular interest and the frequencies of
both infrared (IR) and Raman-active OH peaks are often found
to decrease with increasing pressure (see, e.g., Speziale et al.
2005). For brucite, Mg(OH)2, for example, IR measurements
by Kruger et al. (1989) and Raman measurements by Duffy et
al. (1995a) have shown a frequency downshift (redshift) of the
OH-stretching modes when pressure was increased up to ~35
GPa. This was interpreted as an increase in hydrogen-bond
strength between adjacent hydroxide layers in the structure.
Powder neutron diffraction measurements performed by Parise
et al. (1994) for the deuterated brucite structure found the interlayer D···O distance to decrease as pressure was increased
up to 9 GPa, and this was also interpreted as pressure-induced
hydrogen-bonding between the layers. Many other examples
exist in the literature.
Here we mention some difficulties related to the definition of
hydrogen bonds in layered hydroxides. First of all, it has been
shown in the literature that electrostatic effects and induced
polarization may be responsible for the frequency downshift of
a hydroxide ion, even in situations when H-bonding is excluded
(Hermansson 1991, 1993a). Therefore, an OH frequency downshift is not necessarily evidence of a hydrogen-bond interaction.
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Second, if an OH− ion would act as a hydrogen-bond donor,
the hydrogen-bond interaction can lead either to a downshift
or an upshift of the OH frequency, depending on the overall
bonding situation. This has to do with the blue-shifting nature
of the OH− ion and has been discussed in detail in the literature
(Hermansson 1991, 1993a). Also for this reason, there is no oneto-one correspondence between an OH− frequency downshift
and hydrogen-bond interaction. Third, the explicit interaction
between two hydroxide ions is unstable and repulsive at all
distances. In our opinion, it is therefore questionable to talk
about any kind of bonding between two hydroxide ions, or to
discuss the onset of H-bonding at higher pressure as, in fact, the
hydroxide···hydroxide repulsion increases with higher pressure.
Of course, if one singles out the electrostatic contribution from
the positively charged H “donor atom,” its interaction with a
neighboring OH− ion gives rise to a stabilizing electrostatic energy contribution, but this will occur regardless of the orientation
of the OH− donor group and context, and probably should not
justify that two OH− ions be called H-bonded. This reasoning
should be valid for any structure where the hydroxide groups
retain their ionic character.
In the present article, we discuss the origin—and the magnitude—of the small pressure-induced OH frequency downshift
observed for many crystalline hydroxides, and we use brucite,
Mg(OH)2, as a prototype system. The structure of brucite is
shown in Figure 1. It is layered, like many other hydroxides.
The measured dν/dP slope for the Raman-active OH mode in
brucite is –7.7 cm–1/GPa (Duffy et al. 1995a), and it is even
smaller for the IR mode, –0.6 cm–1/GPa (Kruger et al. 1989). In
experimental work, it is commonly assumed that the uncoupled,
isotope-isolated OH frequency falls between the Raman and
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