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ABSTRACT

The integrated molar absorption coefficient of isolated and localized OH groups in selected minerals 
is theoretically investigated within the density functional theory framework. The overall decrease in 
absorption coefficient of stretching modes observed with increasing frequency is consistent with the 
experimental observations. It is related to a decrease in the magnitude of the hydrogen Born effec-
tive charge tensor projected along the OH bond as a function of increasing H-bonding. The scatter of 
theoretical data shows that the use of a general calibration of infrared absorbances in minerals cannot 
lead to accurate water contents. In contrast, the combination of theoretical modeling and experimen-
tal measurements should improve the determination of the hydrogen distribution among structurally 
distinct OH defects in nominally anhydrous minerals. 
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INTRODUCTION

A significant amount of water on Earth is stored in the mantle 
as hydroxyl defects in nominally anhydrous minerals (NAMs). 
The incorporation of water in these phases significantly affects 
the physical properties of the Earth’s mantle (Keppler and Smyth 
2006). Their OH content is usually low (from ppm to few wt%) 
and its determination relies on a quantitative use of infrared (IR) 
absorption spectra. IR spectroscopy is indeed sensitive to the 
occurrence of OH groups in minerals because of the relatively 
high molar absorption coefficient of OH stretching modes. De-
termination of the water content in synthetic or natural NAMs 
is mainly performed by applying the Beer-Lambert law to OH 
stretching bands, usually observed between 3700 and 2800 cm–1 
(Rossman 2006). In this case, the water concentration [(H2O)] 
in mol H2O per L is related to the integrated absorbance (Aint) in 
cm–1 through the relation: Aint = Kint(H2O)t, where t is the sample 
thickness in cm and Kint the integrated molar absorption coef-
ficient in cm2 L mol–1 (Libowitzky and Rossman 1997). The IR 
absorbance of anisotropic crystals can be accurately measured 
using the procedure of Libowitzky and Rossman (1996). In 
fact, the absorption coefficient Kint depends on the stretching 
frequency of the OH group considered and the determination 
of water contents relies on its proper calibration. Such calibra-

tions are difficult to obtain. Large uncertainties are related to the 
complex speciation of water at low concentration in synthetic 
or natural samples, whereas extremely thin sections are needed 
to measure the absorption spectrum of stoichiometric hydrous 
minerals (Libowitzky and Rossman 1997). Several calibrations 
have been proposed from experimental measurements on glasses 
(Paterson 1982; Newman et al. 1986) that reveal a systematic 
increase in the absorption coefficient with decreasing stretching 
frequency. More recently, a calibration close to that reported by 
Paterson (1982) but using stoichiometric hydrous phases, was 
presented by Libowitzky and Rossman (1997). Mineral-specific 
calibrations have been proposed to better account for the rela-
tions between crystal structure and OH absorption coefficient 
(Rossman 2006); whereas, molecular models have been used to 
interpret the observed trends (Kubicki et al. 1993).

Recent advances in the first-principles modeling of IR spec-
tra of minerals have enabled their quantitative derivation from 
crystal structures (e.g., Balan et al. 2001). It is thus possible to 
theoretically investigate the dependence of the molar absorp-
tion coefficient as a function of the OH stretching frequency. In 
this study, we have computed the integrated molar absorption 
coefficient of isolated and localized OH groups for a series of 
hydrous minerals and OH defects in NAMs. The resulting trend 
is consistent with its experimental counterparts (Paterson 1982; 
Libowitzky and Rossman 1997), which are usually used for a 
quantitative determination of water content in NAMs. However, 
the scatter of data shows that large uncertainties may occur in * E-mail: etienne.balan@impmc.jussieu.fr


