American Mineralogist, Volume 88, pages 1657–1662, 2003

Determination of molar absorptivity of IR fundamental OH-stretching vibration in
rhyolitic glasses
SATOSHI OKUMURA,1,* MICHIHIKO NAKAMURA,2 AND SATORU NAKASHIMA1
1

Interactive Research Center of Science, Graduate School of Science and Engineering, Tokyo Institute of Technology, Meguro-ku, Tokyo
152-8551, Japan
2
Institute of Mineralogy, Petrology, and Economic Geology, Graduate School of Science, Tohoku University, Aoba-ku, Sendai 980-8578, Japan

ABSTRACT
Molar absorptivity of the infrared (IR) fundamental OH-stretching vibration band at 3550 cm–1
was determined for rhyolitic glasses. Five obsidian samples, unheated and heated at 500–700 ∞C
using an internally heated pressure vessel, were used to evaluate the dependence of the molar
absorptivity and final quenched H2O speciation on H2O contents and temperature. Water contents
of the obsidians were measured by Karl-Fischer titration first, then the amount of unextracted H2O
was calibrated by IR spectroscopy and a conventional vacuum extraction method. Total H2O contents of the obsidians were determined to be 0.24–1.25 wt%. IR spectra of the unheated and heated
obsidian samples were obtained using an FT-IR microspectrometer. We determined the molar absorptivity for the 3550 cm–1 band to be 75 ± 4 L/mol/cm without significant dependence on the H2O
contents and heating temperature. This value can be used to determine precise H2O contents up to
1.25 wt% in rhyolitic volcanic glasses.

INTRODUCTION
Volatile contents in eruptive materials provide indispensable information on the dynamics of volcanic eruptions. Infrared (IR) spectroscopy has been widely used to quantify H2O
contents in volcanic glasses (e.g., Anderson et al. 1989; Barclay
et al. 1996; Martel et al. 2000; Saito et al. 2001). In this technique, the absorption bands at 1630, 3550, 4520, and 5230 cm–1
have been used, because intensities of these bands are usually
strong enough to be measured. Respectively, these bands are
attributed to: the bending mode of molecular H2O (H2Om hereinafter); the fundamental OH-stretching vibration; a combination of stretching and bending modes of X-OH; and a
combination of stretching and bending modes of H-OH (H2Om).
The absorption intensities (i.e., absorbances) of the 4520 and
5230 cm–1 bands are, however, too weak to be measured for samples
with H2O contents of <1 wt%, which are typical of degassed magmas. The absorbance of the 3550 cm–1 band is, therefore, commonly used to determine H2O contents of such samples.
The 3550 cm–1 band for H2O in silicate glasses typically
has a broad and asymmetric shape (e.g., Stolper 1982). This
band shape is due to contributions from X-OH and H2Om, and
indicates the presence of different OH species with varying H
bond distances (Nakamoto et al. 1955; Paterson 1982). Mysen
et al. (1997) separated the 3550 cm–1 Raman band of hydrous
peraluminous glasses into four bands at 3300, 3500, 3600, and
3650 cm–1 using Gaussian curve fitting. The H2O species forming the broad and asymmetric band at 3550 cm–1 are, however,
still under debate. Thus, the absorbance of the 3550 cm–1 band
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should be regarded as the “apparent” total intensity of an absorption band that is formed by several different OH species.
To use absorbance of the 3550 cm–1 band for H2O measurement, we have to determine the molar absorptivity, i.e., the
proportionality constant between the absorbance and concentration of H2O. The relation between the absorbance and the
concentration is expressed by the Lambert-Beer law:
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where C is the concentration of H2O in weight fraction as H2O;
18.02 is the molecular weight of H2O in g/mol; Abs is the absorbance; r is the density in g/L; d is the thickness in cm; and
e is the molar absorptivity in L/mol/cm. The molar absorptivity of the 3550 cm–1 band has been investigated for broad ranges
of chemical compositions and for limited ranges of H2O contents using natural and synthetic glasses (Stolper 1982; Newman
et al. 1986; Dixon et al. 1988; Dobson et al. 1989; Pandya et al.
1992; Ihinger et al. 1994; Yamashita et al. 1997; Behrens and
Schmidt 1998). These previous studies reported dependence
of the molar absorptivity on bulk-chemical compositions. For
rhyolitic glasses, Newman et al. (1986) reported values for the
molar absorptivity of 100 and 56 L/mol/cm for X-OH and H2Om
up to about 2 wt% H2O, respectively. Dobson et al. (1989)
pointed out that the value of 100 L/mol/cm reported by Newman
et al. (1986) was overestimated due to a problem with their
extraction technique for H2O, and reported the molar absorptivity of 88 L/mol/cm for relatively narrow range of H2O contents, viz., 0.09–0.18 wt%. This range, however, covers only a
small part of H2O contents in natural volcanic glasses.
Because the absorbance of the 3550 cm–1 band is regarded
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